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ABSTRACT 
An understanding of host-parasite relationships is essential 
if the enonnous losses due to protozoan and helminth parasites are to 
be minimised. A necessary part of that understanding will come from 
infonnation about parasite antigens and the responses they provoke in 
the host animal. Parasite antigens are of prime importance because 
they occur at the interface between the parasite and its host. One of 
the greatest limitations to understanding host-parasite relationships 
is the shortage of available parasite antigens. Their limited 
availability is due to the difficulties encountered when attempts are 
made to maintain parasites in the laboratory. Whole parasites are both 
difficult and expensive to maintain throughout their complex life 
cycles and, unlike mammalian cells and tissues, have not yet been 
cultured in vit~o for extended periods. Recombinant DNA technology 
has been used as an alternative means of producing unlimited supplies 
of parasite antigens. Expression of parasite DNA in bacteria has been 
achieved but is not without its shortcomings. It is for this reason 
that a technique known as cell-transformation has been examined for the 
purpose of establishing an unlimited source of parasite antigens and 
other parasite macromolecules. Cell transformation involves the 
insertion of exogenous DNA into a tissue culture cell line; proteins 
encoded by the exogenous DNA are then expressed by the tissue culture 
cells. This technique may offer a number of advantages. Firstly, the 
polypeptides coded for by parasite DNA inserted into mamnalian cells 
may not be subject to enzyme attack as happens with the products of 
parasite DNA expressed in bacteria. Cell transformation should 
therefore not be constrained by low levels of protein production as is 
sometimes the case with expression in bacteria. Eukaryotic proteins 
may require post-translational modifications such as glycosylation or 
post-translational reassembly of the polypeptides coded for by the 
exogenous DNA. 
lV 
The project set out to test whether helminth parasite DNA 
could be inserted into a eukaryotic cell line and be expressed as 
antigenic material. The principal objective was to obtain an unlimited 
source of parasite antigens and other parasite macromolecules in an 
in vitrt0 system with the potential to yield infonnation about 
parasite gene regulation. 
Two plasmids, pFHl and pFH4 were used as test material in 
these experiments. These plasmids were isolated from a cDNA library of 
Faaciola hepatica that had been constructed by the insertion of 
F. hepatica cDNA into the PstI site of pBR322. The library was 
immunologically screened with F. -hepatica-infected sheep sera. 
Recombinant colonies containing pFHl and pFH4 were isolated and these 
plasmids clearly contained F. hepatica DNA coding for antigens 
expressed during a natural infection. Either pFHl or pFH4 together 
with the plasmid pHSV-106 carrying the tk gene from the herpes simplex 
virus as marker DNA, were inserted into Ltk- mouse cells by the calcium 
phosphate assisted method. Antigens coded for by parasite DNA were 
expressed, as assessed by fluorescent antibody tests, but their 
expression ceased after 5 weeks, indicating that either the cDNA had 
not been stably incorporated into the mouse L cells or that the F. 
hepatica cDNA had been suppressed. 
C127 mouse cells were co-transfonned with either pFHl or pFH4 
and pdBPV-MMTneo(342~12), a plasmid which contains the genome of the 
bovine papilloma virus and the neo gene which confers resistance to the 
antibiotic geneticin to transfonned cells as marker DNA. Expression of 
antigens coded for by parasite DNA was achieved as assessed by 
fluorescent antibody tests which were evaluated by a fluorescence 
activated cell sorter. The efficiency of transformation compared 
favourably with transfonnation rates obtained by others using plasmids 
V 
containing bovine papilloma virus DNA, and expression of the parasite 
ONA persisted for more than 12 months in continuous culture and after 
cryopreservation. Attempts were made to transfer the F. hepati~a cONA 
onto the plasmid pdBPV-MMTneo(342-12). However, this involved a 
complex manipulation owing to the absence of a suitable unique cloning 
restriction endonuclease site on pdBPV-MMTneo(342-12) and it was decided 
instead to insert the F. hepati~a cONA into a different shuttle vector, 
pMSG. 
A new vector pLBl was constructed by the insertion of F. 
hepati~ cDNA from pFH4 into the plasmid pMSG which contains the long 
terminal repeat sequences of the transforming gene of mouse mammary 
tumour virus, an inducible promoter from the same sequences, a multiple 
cloning restriction enzyme site and the Eco gpt gene which confers the 
ability to survive in mycophenolic acid to tranfonned cells. 3T3 mouse 
cells were tranformed with pLBl and antigens coded for by parasite DNA 
expressed. Construction of the new plasmid allowed the selection for 
retention of parasite DNA to be applied directly to the transforming 
plasmid. The objective was to encourage the stable incorporation of 
F. hepati~a DNA in the mouse cells and to increase expression levels 
of the F. hepati~ cDNA since it was inserted downstream of an 
inducible promoter on pMSG. The efficiency of transformation with pLBl 
was comparable with results obtained by co-transformation of Cl27 mouse 
cells by pFHl or pFH4 and pdBPV-MMTneo(342-12). Expression of the 
parasite DNA in the 3T3 mouse cells was stable in continuous culture 
for a 3 month period but has not been assessed for a prolonged period. 
Increased levels of parasite proteins were not achieved because 3T3 
mouse cells did not respond to induction with dexamethasone. This is 
probably due to the lack of binding sites to dexamethasone in 3T3 mouse 
cells and may be remedied by transformation of a different cell line, 
for example, Ltk- cells with pLBl. 
Vl 
F. hepati~a antigens expressed by mouse cells were found to be 
related to the ES antigens of adult fluke. They were examined for the 
addition of carbohydrate moieties but the results of these experiments 
were inconclusive. 
The use of cell transformation techniques for helminth 
parasite DNA has established a relatively inexpensive method of 
producing tissue culture cell lines which are a stable source of 
parasite proteins. It has opened the way to using this powerful tool 
for the further elucidation of host-parasite relationships and the 
study of parasite biology. 
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CHAPTER 1 
GENERAL INTRODUCTION 
1 
Edward Jenner vaccinated against smallpox without knowledge 
of the causative agent, its antigens or the immune response of the 
host. He relied solely upon epidemiological indicators as a guide to 
his procedures. His success has never been achieved with eukaryotic 
parasites - protozoa or helminths - nor is it likely to be. After two 
centuries of research since Jenner's time, and more particularly in 
comparative 1 y recent year·s, it is c 1 ear that much more information is 
crucial if the parasitic diseases (protozoan and helminth) which cause 
enormous human suffering and devastating economic losses in the world 
are to be controlled or eliminated by vaccination. The reasons for 
this are principally two-fold. Firstly, the organisms themselves are 
antigenically more complex than viruses and bacteria. Secondly, they 
rarely stimulate profound resistance to reinfection; rather they 
persist in a chronic form, seemingly less accessible to host immune 
effectors than most bacteria and viruses. 
Essential to the understanding of the host-parasite 
relationship is a knowledge of the parasite antigens which elicit host 
responses since these antigens represent the interface between 
parasite and host, the focal point for efferent and afferent inter-
actions with cells of the immune system and 1n some cases their 
products. The prospects for the prevention of parasitic diseases, for 
example by vaccination, rely on a thorough knowledge of these antigens 
and an ability to address such difficulties as the identification of 
those which elicit protection, their limited availability, and how 
best to present them to the host in ways which give rise to host-
protective responses. 
2 
1.1 AIMS OF THE PROJECT 
At the present time, one of the limiting factors to the 
development of vaccines is the relative paucity of parasite antigens. 
There are a number of ways 1n which this problem could be addressed; 
these include the maintenance of parasites in the laboratory, in vit~o 
culture of intact parasites, culture of dissociated parasite cells or 
tissues, cell fusion and the expression of recombinant parasite DNA 
in bacteria or in immortal, eukaryotic cell lines. The experiments 
described in this thesis investigated the last possibility: whether 
antigens of helminth parasites could be expressed in eukaryotic cell 
lines. As discussed in detail later in this chapter, the insertion of 
helminth parasite DNA into eukaryotic cells has the potential to not 
only meet the need for unlimited sources of antigens, but could also 
lead to the discovery of important infonnation in a number of other 
areas. For example, it was possible that the development of this 
technique with helminth parasite DNA would provide the background for 
further work on: 
i) the development of vaccines, 
ii) the investigation of basic gene structure and processing of 
DNA sequences, 
iii) the study of parasite interactions with immune effectors, 
iv) the identification of rare species of molecules produced in 
small quantities in helminth parasites, and 
v) the study of the regulation of gene expression. 
Before discussing the relevant literature dealing with the 
expression of foreign genes ,n eukaryotic cells, other ways referred 
to above in which unlimited amounts of parasite antigenic material 
could be obtained are briefly reviewed. 
1.2 POTENTIAL METHODS FOR OBTAINING UNLIMITED AMOUNTS OF PARASITE 
ANTIGENS 
Maintenanae of Helminth Par'asites in the Labor'ato-,,y 
3 
Maintaining helminth parasites in the laboratory is a costly 
and difficult process, often involving several hosts. For example, 
with Fasaiola hepati<!a it is necessary to culture the freshwater 
molluscan host and to house large animals such as sheep. Added to 
these requirements is the need for skilled workers in a labour 
intensive program to carry out the necessary infections and necropsies. 
For these reasons heavy economic constraints are placed on such methods. 
Cultivation of Helminth PaPasites In vitPo 
Cultivation of helminth parasites in vitY'O could obviate 
these problems but this approach is not straightforward as the 
following examples show. While Eahinoaoaaus gPanulosus has been 
cultured from protoscolex to both cyst (Smyth 1962) and strobilate 
worm (Smyth 1967) and from oncosphere to cyst (Heath and Lawrence 
1976), it has not yet proved possible to grow the parasite throughout 
its entire life cycle in vitPo. Attempts have also been made to 
culture metacercariae of F. hepatiaa (Davies and Smyth 1978) in vit~o, 
but the juveniles developed only to a limited extent. This was also 
true of flukes recovered from the livers of mice and transferred to 
culture. Thus, the cultivation of helminths in vitPo, while 
contributing greatly to an understanding of the biology of these 
parasites, has not developed to the stage where the production of 
antigens in large quantities can be achieved. The present impasse is 
likely to remain until techniques for achieving rapid growth and 
multiplication in culture are developed. 
Tissue CultuPe of Helminth Par'asite Tissues OP Cells 
Unlike vertebrate and arthropod tissues which grow with 
vigour in tissue culture medium, it has not yet proved possible to 
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grow isolated helminth parasite tissues or cells under similar 
conditions. Limited success has been achieved with Echinococaus 
mu.ltilocula"f1is genninal tissue, but survival of isolated cells was 
poor. Apparently, the cells replicated a few times although there was 
no convincing evidence of cell division presented (Sakamoto 1978). 
Very limited success has been achieved in culturing cells from adult 
Schistosonr1. mansoni (Weller and Wheeldon 1982); cells survived for 
protracted periods, but there was little indication of cell division. 
Explants of adults. mansoni were also cultured in plasma clots 
(Capron and Dupas 1972). Fibroblast-like cells grew from the explants 
after eight days in culture, but pennanent cell lines were not 
established. Attempts have been made to establish cell lines .from 
F. hepatica by exposing parasite tissues to carcinogens such as 
methylcholanthrene and to SV40 virus DNA, procedures which can 
transfonn mammalian cells and facilitate continuous growth in vit~o. 
However, these experiments have as yet met with no success (Howell, 
unpublished data). 
Cell Fusion 
Another method for producing tissue culture cell lines which 
express parasite genes is to use hybridisation techniques. Amasti-
gotes of the protozoan parasite T~ypanosoma c~zi (Crane and Dvorak 
1980) were fused with mouse myeloma cells, and some hybrid cells 
constructed in this way expressed T. c~uzi antigen·s. Hybrid cells 
formed between rat fibroblasts and F. hepatica cells have also been 
produced (Howell 1981), but they did not express fluke antigens as 
assessed by a fluorescent antibody test using fluke-infected sheep 
serum as first antibody. Therefore, this method of producing antigens 
has not, as yet, proved suitable for helminth parasites. 
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1.3 EXPRESSION OF RECOMBINANT PARASITE DNA IN BACTERIA 
The cloning of parasite DNA and the expression of parasite 
antigens in bacteria has been a major step towards the unlimited 
production of parasite antigens in vit~o. These techniques allow 
parasite genes to be isolated, linked to plasmids, bacteriophage or 
other vectors and inserted into, and expressed by, bacterial hosts. 
This approach offers a number of advantages. Firstly E. ~oli, the 
bacterium of choice for recombinant DNA experiments, is easy and 
inexpensive to grow. Secondly, clones expressing single species of 
antigens can be readily isolated. Thirdly, schemes described for the 
production of parasite antigens often entail the production of a cDNA 
library, using messenger RNA (mRNA) as the starting material. This 
ensures that material from which the DNA library is constructed has 
been expressed by the parasite and does not contain any unexpressed 
DNA such as intrans (Old and Primrose 1981). Fourthly, a particular 
stage 1n the life cycle of the parasite can be chosen as a source of 
mRNA, perhaps for its ability to stimulate a protective immune 
response in the host, and this may reduce the size of the cDNA library 
that needs to be screened in order to find clones expressing antigens 
of interest (Cabon and Willetts 1984). 
One of the most desirable features of cloning parasite DNA 
into bacteria is that single species of antigens (or rather epitopes) 
can be readily obtained. This has potentially far reaching 
consequences as far as vaccinating animals is concerned. Firstly, 1n 
a natural infection, antigens presented to the host may be quantitatively 
inadequate for eliciting antibody or cellular responses. Secondly, 
the parasite may have evolved mechanisms to suppress host responses 
(Mitchell and Anders 1982), or to vary its antigens in such a way that 
protective host responses can be avoided as is the case with 
trypanosomes (Steinart and Pays 1986). Analysis of the structure of 
6 
these antigens may allow the construction of molecules which would 
elicit a host protective immune response. Thirdly, the parasite 
possesses 11 novel anti gens 11 which are not nonnal ly seen by the host I s 
immune system, but which if used as a vaccine may be host-protective. 
This could be possible in blood-feeding helminths such as Haemonchus 
~ontoPtus or F. hepati~a (Cabon and Willetts 1984). Fourthly, 
the use of single anti gens produced by recombinant DNA tech no 1 ogy could 
be important to enhance the limited host response obtained following 
the use of complex mixtures of antigens, such as in crude preparations 
of parasitic material. In these cases the host-immune system may be 
clouded by a reaction to large numbers of irrelevant antigens and a 
useful common response may be slight or lacking altogether. In human 
cutaneous leishmaniasis early infection does not elicit protective 
antibody, but self cure usually results in 4-15 months (Greenblatt 
1988). Indeed the immune response in vaccinated hosts may be entirely 
different from that which occurs in a natural infection (Cabon and 
Willetts 1984). 
Antigens from several different parasites have been produced 
by recombinant DNA technology and expressed in E. ~oii. A recent 
review has been published (McIntyre, Cappel, Smith, Stahl, Corcoran, 
Langford, Favaloro, Crewth~r, Brown, Mitchell, Anders and Kemp 1986), 
and for reasons of brevity only a limited number of examples will be 
cited here. A cDNA library of Plasmodium falaipapum has been 
constructed using phage A gtll amp3 and expressed in E. aoli (Kemp, 
Cappel, Cowman, Saint, Brown and Anders 1983). From this library a 
number of clones expressing P. falaipaPWTl antigens have been 
isolated by screening with sera from humans who have experienced 
malarial infection. DNA coding for an antigenically variable protein, 
pl90, from the late blood stages of P. fal~ipar>um has been cloned 
(Hall, Hyde, Goman, Simmons, Hope, Mackay and Scaife 1984). pl90 was 
first identified on merozoites by monoclonal antibodies and has been 
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used in vaccination experiments in which some protection was conferred 
on Saimiri monkeys against falciparum malaria. More recently a 
different approach has been taken. Synthetic polypeptides have been 
constructed based on amino acid sequence data from a merozoite-specific 
polypeptide identified in a cONA library of P. fal~ipa"f"UJTl and used in 
immunisation trials with monkeys. Three out of four monkeys immunised 
with synthetic peptides showed lower parasitaemia and recovered without 
therapy when challenged with P. fal~ipaPUm (Cheung, Leban, Shaw, 
Merkli, Stocker, Chizzolini, Sander and Perrin 1986). The sporozoite 
surface antigen gene of Ylasmodium knowlesi has been cloned (Ellis, 
Ozaki, Gwadz, Cochrane, Nussenzweig, Nussenzweig and Godson 1983) as has 
that of P. fal~ipaPU.m (Enea, Ellis, Zavala, Arnot, Asavanich, Masuda, 
Quaki and Nussenzweig 1984). Genes of several other protozoan parasite 
including T~ypanosoma bPU~ei (Parsons, Smit, Nelson, Stuart and 
Agabian i984), Leishmania donovani (Sheppard and Dwyer 1986) and 
Eime~a tenella (Clarke, Messer and Wisher 1986) have been cloned 
and expressed in E. ~oii. 
Helminth parasite antigens have also been produced by 
recombinant DNA technology and these antigens have increased the amount 
of antigenic material available for irrmunological experiments. In the 
laboratory model of Taenia taeniaefor'111'is a cONA library has been 
constructed from larvae in >.. gtll amp3 and expressed in E. (Joli 
(Bowtell, Saint, Rickard and Mitchell 1984). Recombinant colonies 
expressing T. taeniaefor'111'is antigens were identified by immuno-
logical screening. Several antigens are shared between oncospheres and 
cystic larvae of T. taeniaefor'111'is (Bowtell, Mitchell, Anders, 
Lightowlers and Rickard 1983) and antigens derived from oncospheres 
have been shown to protect mice against a challenge infection with this 
parasite (Lightowlers, Mitchell, Bowtell, Anders and Rickard 1984). 
However, these antigens have yet to be identified among expressed 
products of the cONA library. 
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Recently, an antigen of s~histosom::z mansoni was cloned 1n 
E. ~oli (Balloul, Sondenneyer, Dreyer, Capron, Grzych, Pierce, 
Carvallo, Lecoq and Capron 1987) and used to protect rats and hamsters 
against a challenge infection withs. m::znsoni. Some protection 
against s. japoni~wn was afforded to mice injected with an E. ~oli 
expressed antigen of that parasite (Smith, Davern, Board, Tiu, Garcia 
and Mitchell 1986). A number of cDNA libraries have also been 
constructed from nematodes and expressed in E. ~oli, including 
Br1Ugia malayi (Arasu, Carlow, Philipp and Perler 1986) and 
An~ylostoma ~aninum (Hotez, Newport, Trang, Agabian and Cerami 
1986). 
In our laboratory, interest has centred on F. hepati~a. A 
cDNA library of this parasite has been constructed, using the plasmid 
pBR322 and expressed in E. ~oli MC1061 (Howell, Irving and Lally 
1984). Several recombinant E. ~oli colonies containing F. hepati~a 
cDNA coding for antigenic polypeptides were identified following 
immunological screening of the library with serum from sheep which had 
experienced a natural liver fluke infection. 
For the purpose of this thesis, these colonies, which are 
described more fully in Appendix I, have provided a model for the 
establishment of an expression system in which helminth parasite DNA 
has been introduced into, and expressed by, eukaryotic cells as an 
alternative to expression in bacterial cells. 
1.4 PROBLEMS ASSOCIATED WITH EXPRESSION OF PARASITE DNA IN BACTERIA 
Both genomic DNA and complementary DNA (cDNA) from various 
parasites has been cloned into bacteria, as discussed in 1.3. The 
problems experienced with the expression of parasite DNA reflect the 
difficulties associated with the expression of any eukaryotic DNA by 
bacteria. These include: 
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1. The need to choose the vectors carefully. Both plasmids and 
bacteriophage have been used as vectors to clone parasite DNA into 
E. ~oti. Many early experiments relied on the plasmid pBR322, 
but high levels of expression are not obtained with this vector. 
One reason for this is that eukaryotic DNA relies on the trans-
criptional and translational signals from the bacteria because 
eukaryotic genes lack the promoter and ribosomal binding sites 
recognised by bacteria (McIntyre et at. 1986). Recently 
expression vectors have been constructed which increase the like-
lihood of expression by exploiting the production of fused 
proteins by inserting the parasite DNA downstream of a strong 
promoter, that of s-galactosidase. A commonly used example is 
gt 11 (Young and Davis 1983). However, lysogens of \gt 11 are 
unstable (McIntyre et al. 1986), but the lysogens of a 
derivative of \ gt 11, \ gt 11 amp 3 overcome this instability 
(Kemp et al. 1983). Another vector which overcomes this 
problem to a certain extent is the series of plasmids known as pEX 
vectors (Stanley and Luzio 1984). It is of note that limited 
expression was also a problem with the colonies expressing F. 
hepati~a cDNA cloned into pBR322 and expressed in E. ~oli 
MC1061 (Irving, unpublished ANU PhD thesis, 1983). 
2. Processing: Post-translational modification of expressed products, 
such as glycosylation of proteins, may be necessary for a molecule 
to achieve its full antigenic potential. This cannot be carried 
out by bacteria. Glycosylation may be a particularly important 
processing step for expressed parasite DNA because the carbohydrate 
moiety of the glycoproteins of a number of different parasites has 
been shown to elicit a protective host immune response. For example 
the glycolipid produced by Leishmanias t~opi~a m:LjoP is a likely 
1t C\ ~ ~""" °" t\ °'"' ~ 
candidate as a host protective iITTTiunogen (Mitchell, . 
" 1985). 
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1.5 CELL TRANSFORMATION, AN ALTERNATIVE TO EXPRESSION OF RECOMBINANT 
DNA IN BACTERIA 
An alternative to the expression of recombinant DNA in 
bacteria 1 s the insertion of II foreign" DNA into eukaryot i c ce 11 s. The 
term most commonly used for this procedure is "transformation", a 
reference to the introduction of foreign DNA into a recipient cell. 
The term is distinguished from growth transformation which refers to 
alterations in growth properties of cultured cells without regard to 
whether these changes result from acquisition of foreign DNA (Wigler, 
Pellicer, Axel and Silverstein 1979). 
Cell transfonnation with DNA is a process which has a number 
of advantages. Firstly, as mentioned above, proteins expressed by 
eukaryotic genes in bacteria are believed to be subject to bacterial 
enzyme attack with consequent low level production of proteins. 
Expression in a eukaryotic cell could overcome these difficulties. 
Secondly, as mentioned briefly in 1.4, eukaryotic proteins may need 
post-translational modifications which are beyond the capacities of 
bacteria. Such modifications include glycosylation and particular 
processing and assembly requirements. Glycosylation is the addition 
of a carbohydrate moiety to a protein to make a glycoprotein. It has 
been suggested that it may be necessary for some parasite proteins to 
be glycosylated before they become fully antigenic (Cabon and Willetts 
1984) and in fact many parasite antigens are glycoproteins or glyco-
lipids (Grzych, Dissous, Capron, Torres, Lambert and Capron 1987; 
Lyon, Haynes, Diggs, Chulay, Haidaris and Pratt-Rossiter 1987; 
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Handman and Goding 1985). Post-translational re-assembly of poly-
peptides coded for by a 11 foreign 11 gene inserted into a eukaryotic cell 
has been demonstrated for rat proinsulin expressed in mouse cells. 
The production of insulin from its primary translation products 
involves several discrete steps from preproinsulin to proinsulin to 
insulin. Mouse cells transformed with a rat preproinsulin gene 
produced proinsulin, indicating that at least one post-translational 
step had been achieved (Sarver, Gruss, Law, Khoury and Howley 1981). 
Another advantage of transfonning eukaryotic cells with 
11 foreign 11 DNA is that the procedure could provide a means by which 
macromolecules produced in very small amounts by intact parasites in 
vivo, such as hormones, could be amplified to sufficient levels so 
that they could be studied and characterised. This was achieved for 
the human erythropoietin gene (Powell, Berkner, Lebo and Adamson 1986) 
by transfonning both monkey kidney and baby hamster cell lines with 
human DNA and analysing the expressed products. The transformed lines 
produced large amounts of hormone which exhibited potent biological 
activity. Before transformation of marrrnalian cells, detailed studies 
of erythropoietin had been hampered by a scarcity of purified 
materi a 1 • 
A further advantage of transformed eukaryotic cells is that 
they make it possible to study various aspects of gene regulation. 
Information on the regulatory sequences of endogenous H3 mRNA's of the 
mouse histone gene was obtained in this way when a chimeric H3 histone 
gene was constructed and introduced into a mouse fibroblast cell line 
(Alterman, Sprecher, Graves, Marzluff and Skoultch 1985). 
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1.6 TYPES OF CELLS USED FOR TRANSFORMATION 
A very wide range of eukaryotic cells has been used as hosts 
for 11 forei gn" DNA. In the earliest experiments it was thought that 
yeast would provide all the advantages of a eukaryotic cell such as 
the ability to splice out intrans or to glycosylate proteins with the 
added advantage of being a lower eukaryote and thus easier to 
manipulate and grow in vit~o. In some early experiments yeast genes 
were cloned into E. ~oli plasmids and introduced into Saaaha~omyaes 
~e~evisiae (Ilgen, Farabaugh, Hinnen, Walsh and Fink 1979). In this 
way a number of yeast genes such as leu2, hisJ and his4 were 
characterised and mapped. 
Following these early experiments, genes from higher eukaryotes 
were introduced into yeast. However, in some cases expression of the 
foreign protein was found to suffer from similar drawbacks to expression 
in bacteria. Thus, s. ae~evisiae transformed with an intact rabbit 
e-globin gene expressed e-globin which retained a small intron and was 
20-40 nucleotides shorter than normal rabbit e-globin (Beggs, van den 
Berg, van Ooyen and Weissmann 1980). 
Recently, insect cells have been transformed with eukaryotic 
DNA. These transformed lines have been used frequently for the 
characterisation of D~osophila genes (Sinclair, Saunders, Burke and 
Sang 1985; Rio and Rubin 1985), but have also been used for the 
expression of "foreign" DNA (Allday, Sinclair, MacGillivray and Sang 
1985), such as cloned Epstein-Barr virus DNA. Cultured Aedes 
albopiatus (mosquito) cells have also been transformed with "foreign" 
DNA, in this case with a plasmid carrying an acetyltransferase gene 
from V.,..osophila (Fallon 1986). 
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The use of plant cells as hosts for "foreign" genes developed 
from the knowledge that many Ag~obacter>ium species which cause such 
diseases as crown gall, cane gall and hairy root, transfer bacterial 
DNA to the plant cells during the infection process (Hooykaas, 
Schilperoot and Rorsch 1979). The transfonnation of higher plants 
with 11 forei gn 11 DNA al so represents a very important economic process 
because of the possibility of development of new varieties. Trans-
fonnation experiments in plants involved the production of plant 
protoplasts from the recipient cell lines which were then transfonned 
with exogenous DNA (Fischer, Lorz, Larkin, Scowcroft and Langridge 
1983). More recently, transformation experiments 1n plant cells have 
been assisted by electroporation (Morikawa, Iida, Matsui, Ikegami and 
Yamada 1986) which involves the application of an electric pulse to 
the cells causing the momentary production of pores in the cell 
membrane through which the exogenous DNA enters. 
By far the majority of experiments describing transformation 
of eukaryotic cells have involved the use of mammalian cells. Trans-
fonnation experiments fall into two categories: those that achieve 
only transient expression of inserted genes for a few days after 
transformation; and those which rely on the establishment of a stable 
cell line, which will continue to express the inserted gene for many 
future generations. The majority of the mammalian cells described as 
hosts for 11 foreign 11 ONA are well established tissue culture cell 1 ines 
such as human HeLa cells, mouse L cells, monkey COS cells or rat 
fibroblast cells. These cells are easy and relatively inexpensive to 
grow in vit~o and many of them have certain properties which can 
be used to assist with the selection of transformed cells. For 
example, mouse Ltk- cells lack the gene for thymidine kinase (tk) and 
can be transformed to the genotype Ltk+ by the addition of a "foreign" 
tk gene. The cells are grown in a medium in which only the trans-
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fonnants can survive so the mouse Ltk+ cells are positively selected 
for (Wigler, Pellicer, Silverstein and Axel 1978). 
1.7 METHODS USED TO TRANSFORM EUKARYOTIC CELLS 
In 1984, when experiments on this project commenced, the 
methods described for the transfonnation of eukaryotic cells by 
exogenous or "foreign" DNA were not very varied. The most common 
method was that of calcium-phosphate assisted uptake of DNA (Wigler 
et al. 1978), following a demonstration that high concentrations of 
calcium enhanced the uptake of viral DNA into bacterial cells (Graham 
and van der Eb 1973). This method was used first to transfonn a mouse 
tissue culture cell line deficient in the gene for thymidine kinase 
(Ltk-) to the Ltk+ genotype by the addition of high molecular weight 
DNA purified from a variety of sources such as mouse L cells (a tissue 
culture cell line), mouse liver, a hamster cell line, chicken red 
blood cells, calf thymus and Hela cells (Wigler et al. 1978). It is 
of interest to note that in these experiments only manmalian DNA was 
capable of transforming the Ltk- cells. Other DNA tested, from lower 
eukaryotes including DPosophila embryo cells, slime mould and salmon 
spenn, failed to transform the cells. 
The calcium phosphate-assisted method of transformation has 
the advantage of being simple. It involves the suspension of 
sterilised DNA in a concentrated solution of calcium chloride so that 
a calcium-phosphate precipitate can form between the calcium ions and 
phosphates on the backbone of the DNA. The recipient cells are 
incubated in the DNA suspension for 4-8 hand transferred to selective 
medium after 12-14 h. Colonies of transformed cells usually become 
apparent after 10-13 days. Figure 1.1 gives a diagram of the steps 
involved in the cell transformation procedure. 
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Following early experiments with purified high molecular 
weight DNA, it was shown that stable integration of DNA on which no 
selection was imposed could be achieved (Wigler, Sweet, Sim, Wold, 
Pellicer, Lacy, Maniatis, Silverstein and Axel 1979). Bacteriophage 
X174 DNA, plasmid pBR322 DNA and a gene for rabbit s-globin cloned 
into charon 4A, each together with a plasmid carrying the tk gene 
from the herpes simplex virus, were used to transfonn Ltk-mouse cells. 
Ltk+ transformants were shown by hybridisation analysis to contain 
the unselected exogenous DNA. The technique of introducing both 
selectable and non-selectable DNA into recipient cells has become 
known as co-transfonnation and it has made possible insertion of a 
wide variety of "foreign" genes into eukaryotic cells. 
1.8 EXAMPLES OF CELL TRANSFORMATION 
Following the successful early experiments using genes from 
laboratory animals, the technique was quickly adapted for the 
expression of other genes some of whose polypeptides had potential 
value for therapeutic use. For example, co-transfonnation was used to 
introduce cloned rabbit s-globin genes into monkey kidney cell 
cultures which were then shown to produce mRNAs coding for s-globin 
polypeptides (Mulligan, Howard and Berg 1979). A recombinant plasmid 
was used to introduce the gene for human s-globin into Ltk- mouse 
cells (Huttner, Scangos and Ruddle 1979). Cloned human growth hormone 
DNA was introduced into mouse Ltk-cells and transformed cells were 
induced to express a five-fold increase in growth honnone by incubating 
the cells with glucocorticoid hormones (Robins, Paek, Seeburg and Axel 
1982). Expression of human interferon (IFN) has been achieved 1n 
monkey COS-7 cells transformed with a gene for IFN cloned into the 
expression vector pSVr69 (Gray, Leung, Pennica, Yelverton, Simonsen, 
Derynck, Sherwood, Wallace, Berger, Levinson and Goeddel 1982). 
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Since this early and important work there has been an 
explosion in the number of experiments aimed at the insertion of 
"foreign" genes into eukaryotic cells. The technique is now a routine 
tool for the expression of a large variety of genes for very diverse 
purposes, including the investigation of regulatory mechanisms in 
human haemopoietic cells (Oppenheim, Peleg, Fibach and Rachmilewitz 
1986), the expression and characterisation of a human DNA repair gene 
in Chinese hamster ovary cells (Ding, Ghosh, Eastman and Bresnick 
1985), the study of deficiency diseases in humans, with the insertion 
of the gene for adenosine deaminase (ADA) into T and B lymphocyte 
lines from patients with ADA deficiency (Kantoff, Kohn, Mitsuya, 
Armantano, Sieburg, Zwiebel, Eglitis, Mclachlin, Wingerton, Hutton, 
Horowitz, Gilboa, Blaese and Anderson 1986), and the insertion of the 
gene for the enzyme phenylalanine hydroxylase (PAH) into NIH3T3 
mouse cells (Ledley, Grenett, Dilella, Kwok and Woo 1985); a 
deficiency of PAH causes the disease phenylketonuria. Experiments 
such as these point the way towards the possibility of gene 
replacement therapy for human deficiency diseases. 
Another use of cell transformation has been the construction 
of several human cell lines each containing the gene for DNA-binding 
protein (DBP), which plays a role in the regulation of expression of 
viral genes. The OBP gene is toxic to human cells, but when inserted 
into Hela cells under the control of a dexamethasone inducible 
promoter, insufficient protein is produced to be harmful to the cells. 
Those experiments allowed the study of different levels of induction 
by dexamethasone, and with high levels of expression even dying cells 
provided large quantities of DBP (Klessig, Brough and Cleghon 1984). 
The transfer of ONA into eukaryotic cells by calcium 
phosphate-assisted transformation is not restricted to the use of 
single genes; indeed, whole chromosomes have been isolated and 
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transferred in this way (Pritchard and Goodfellow 1986). The transfer 
of chromosomes to a mouse cell line has facilitated the isolation of 
fragments, and the construction of a physical map, of the Y chromosome. 
Closer to experiments reported in this thesis is the 
production of the truncated herpes simplex virus type-1 glycoprotein D 
(gD-lt) from Chinese hamster ovary cells transfonned with the gene 
coding for gD-lt. The glycoprotein was used to vaccinate guinea pigs 
against a challenge infection of herpes simplex virus (HSV-2) and the 
results showed that the animals developed significant immunity 
(Bennan, Gregory, Crase and Lasky 1985). 
Despite the large number of publications referring to the 
insertion of "foreign" genes into eukaryotic cells the technique has 
been used only recently for parasite genes. A genomic library of the 
protozoan parasite P. fal~ipaY'UlTl has been constructed in pBR322 
and the recombinant plasmids were inserted into mouse tissue culture 
cells (Pollack, Shemer, Metzger, Spira and Golenser 1985). When the 
present studies were commenced in 1984 there had been no reports of 
the insertion of helminth genes into eukaryotic cells. Since that 
time the results of experiments described in this thesis remain the 
only instance of the expression of helminth antigens by tissue culture 
cells (Beardsell and Howell 1987a; Beardsell and Howell 1987b). 
1.9 ALTERNATIVE METHODS OF CELL TRANSFORMATION 
Although the great majority of transfonnation experiments 
continue to employ the calcium-phosphate assisted DNA transfer method, 
a variety of newer methods have now been established. In most cases 
these have been designed to increase the efficiency of transformation, 
but the move towards increased transformation efficiency generally has 
meant a sacrifice of simplicity. The newer techniques employed 
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include micro-injection and iontophoresis, the use of protoplasts with 
polyethyleneglycol, electrophoresis, laser assisted transformation, 
electroporation and the use of liposomes. 
Micro-injection 1s a technique first used successfully for 
Xenopus oocytes (Rusconi and Schaffner 1981). It is, however, a 
technically demanding method requiring considerable skill for any 
guarantee of success. More recently mouse tissue culture cells have 
been transformed using a similar technique called iontophoresis in 
which a microelectrode electrophoreses charged molecules into an 
impaled cell (Lo 1983). This technique was developed to generate 
transformants with multiple insertions of DNA to facilitate the study 
of developmental genes. The method has been used to examine the 
instability of satellite DNA (Butner and Lo 1986), but it is a complex 
procedure requiring complicated and costly equipment and a great deal 
of ski 11 • 
Protoplasts can also be used to insert exogenous DNA into 
eukaryotic cells (Schaffner 1980). This technique involves inserting 
the DNA of interest into a plasmid carried by a strain of E. ~oli . 
The E. ~oli are converted to protoplasts and incubated with the 
. recipient cells in the presence of polyethyleneglycol. This method is 
reputed to give higher transformation rates than the calcium-phosphate 
procedure (Rassoulzadegan, Binetruy and Cuzin 1982) and is used in 
particular with human diploid cells to produce a high frequency of 
transformation, especially with cells in suspension (Litzkas, Jha and 
Ozer 1984) • 
Electroporation is a relatively new technique which has been 
developed to increase the efficiency of inserting "foreign" DNA into 
eukaryotic cells. It involves the application of an electric pulse to 
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cells to stimulate the formation of pores in the cell membrane through 
which exogenous DNA can readily pass. This technique has indeed 
increased the transfonnation efficiency over calcium-phosphate 
assisted transformation (Potter, Weir and Leder 1984; Zerbib, Amalric 
and Teissie 1985; Reiss, Jastreboff, Bertino and Narayanan 1986) but 
at the same time requires more sophisticated equipment. As mentioned 
above, a similar technique is now used for transfonning plant cells 
such as mesophyll cells of Nicotiana tabacum with tobacco mosaic 
virus DNA (Morikawa et al. 1986). However, it is still necessary 
to produce protoplasts before electroporation. 
A similar but more advanced method than electroporation is 
the use of a laser beam to make holes in cells to pennit the entry of 
exogenous DNA dissolved ,n the medium (Kurata, Tsukakoshi, Kasuya and 
Ikawa 1986). This method has the advantage of high transformation 
efficiency and high volume treatment and lends itself to scaling up 
production for commercial purposes. 
Another method of transferring exogenous DNA to eukaryotic 
cells is the use of liposomes to entrap the DNA. The method of 
transfer to the eukaryotic cells is very simple and compares with the 
calcium-phosphate method in that respect, but the preparation of the 
liposomes and the entrapment of the DNA makes the process more 
complicated (Schaefer-Ridder, Wang and Hofschneider 1982). The 
transformation efficiency using this method is comparable with the 
calcium-phosphate method. Liposomes could be an important way of 
introducing exogenous DNA into cells in vivo. 
1.10 HELMINTH PARASITE DNA PROVIDES THE MODEL FOR CELL TRANSFORMATION 
The success of the first experiments in the transformation of 
eukaryotic cells with exogenous DNA provided incentive to test the 
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technique with helminth parasite DNA. As mentioned above, the 
material used to test this technique was recombinant DNA from a cDNA 
library of F. hepati<!a expressed in E. <!oli MC1061 (Howell et al 1984). 
Although this material was used as a laboratory model in the 
experiments de~cribed in this thesis, it also has considerable 
agricultural significance, as the recombinant clones were identified 
immunologically using sera from sheep which had experienced natural 
infections of F. hepatica; thus these clones express F. hepati<!a 
antigens or parts of them which are 11 seen 11 by sheep during the normal 
course of an infection. This is an important feature of the project 
as fascioliasis is an economically significant disease, causing large 
losses to the Australian sheep industry each year (Beck, Moir and 
Meppem 1985). It was therefore appropriate that F. hepati<!a 
clones should be chosen as the starting material to test this 
technique. Moreover, our laboratory was well suited to a project of 
this nature with: 
1. Expertise and equipment for tissue culture. 
2. Available mammalian cell lines suitable for use as recipient 
cells. 
3. Available F. hepatica cDNA clones constructed in the plasmid 
pBR322 ( Howe 11 et al. 1984) • 
4. Available polyclonal F. hepatica-infec·ed sheep and rabbit 
sera suitable for the identification of antigenic polypeptides 
coded for by F. hepatica DNA. 
5. Experience with the excretory-secretory (ES) antigens of F. 
hepatica involved in the immunostimulation of sheep and other hosts. 
This project therefore set out (i) to test the feasibility of 
inserting helminth parasite genes into marranalian cell lines using the 
calcium-phosphate assisted method described by Wigler et al. (1978), 
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and (ii) to attempt to derive cell lines which would provide an 
unlimited source of parasite antigens to assist in the study of host-
parasite relationships. 
CHAPTER 2 
MATERIALS AND METHODS 
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2.1 INTRODUCTION 
The procedures involved in this project fell into two main 
categories: DNA manipulation and tissue culture. The first dealt with 
the characterisation of Fasciola hepatica DNA and that of several 
plasmids. The second involved the maintenance of various tissue culture 
cell lines, their transformation and co-transformation with parasite 
DNA, and the selection and characterisation of transformed and co-
transformed cells, especially with regard to their parasite DNA content 
and its expression. 
2.2 TERMS 
For the purposes of this thesis a cell line was said to be 
"transformed" if a single species of plasmid carrying foreign DNA had 
been introduced into the cell line. If more than one species of plasmid 
were introduced into a ce 11 1 i ne the term II co-transformed" was used. 
2.3 BACTERIAL STRAINS 
Various strains of the bacterium Escher>ichia coli were used 
as hosts for plasmid DNA. These included E. coli K strain RRI[F-, 
hsd520 ( K, m-k) rec A 13, ara-114, pro A2, lac Yl, galK2, rpsl20 (Sm+) 
xyl-5, mtl-1 supE44, ::\ -, rec A+] (Maniatis, Fritsch and Sambrook 1982); 
E. coli strain K MC1061 [hsd R-, hsd m+, ara D, ~(ara, leu), ~(lac 
lPOZY) gal U, gal K, str A] (Cales, Lebkowski and Botchan 1983) obtained 
from Dr M.J. Howell, ANU; E. coli K strain DHI [F-, rec Al, end Al 
gyr A96, thi-1, hsd Rl7 (rk,m+k) sup E44, rel Al? A-] (Maniatis et al. 
1982) obtained from Dr K.C. Reed, ANU and E. coli [K strain JM 107] 
obtained from the Centre for Recombinant DNA Research, ANUJ A (iac~pv-oAB) 
l-"' c· , Su f £ 44 , Q..Ad 4 /, A ~ol J:<. 17 ( v -IY1 +) , :J 'J ~ A Cj 6 , v' e..-/ A I [ F It Vtt J) 3 6, 
pv--o{Jt!,, lo.c iq,, 2 .1 tv11D 
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These strains were grown at 37°C with aeration in Luria broth 
which consists of 1% NaCl, 0.5% yeast extract, 1% tryptone (pH 7.4). 
Bacterial strains were plated out on Luria agar. Glycerol stocks were 
prepared by mixing 0.85 ml of overnight cultures derived from single 
colonies with 0.15 ml glycerol and stored at -70°C. Antibiotics were 
added to the broth or agar plates as required; these included 
ampicillin (50-100 µg/ml), tetracycline (12.5 µg/ml), kanamycin (50 
µg/ml) and chloramphenicol (10 µg/ml) (Sigma). 
2.4 PLASMID DNA 
Plasmid DNA was obtained from the following sources: pBR322 
from Dr M.J. Howell, ANU; pHSV-106 from Bethesda Research Laboratories; 
pdBPV-MMTneo(343-12) from the Jlmerican Type Culture collection, pMSG 
from Pharmacia, and pUC18 and pUC19 from the Centre for Recombinant DNA 
Research, ANU. Plasmids containing Fas<!iola hepati<!a cDNA in the PstI 
site of pBR322 were designated pFHl and pFH4 (Irving 1983). They were 
maintained as glycerol stocks in appropriate E. ~oli strains at -70°C. 
Plasmid DNA was extracted by the triton method (Mr T. Barnes, 
Biotechnology Australia, pers. comm.). Cells from 250 ml of an overnight 
culture were resuspended in 3.3 ml of 25% sucrose in 50 mMTris-HCl (pH 
8.0) (Tris[hydroxymethyl]aminomethane) and lysed for 5 min on ice with 
1.0 ml lysozyme (10 mg/ml). Lysis was continued for 15 min on ice with 
6.5 ml of 1% Triton-XlOO in 250 rrM EDTA (ethyldiaminetetraacetic acid) 
and 50 mM Tris-HCl pH 8.0. After centrifugation at 22,000 g for 1 h the 
supernatant was centrifuged in (1 g/ml) CsCl in the presence of ethidium 
bromide at 200,000 g for 36 h. Ethidium bromide was extracted from the 
DNA-containing band with isopropanol saturated with 5 M NaCl and the DNA 
was dialysed extensively against 10 rTr1 Tris-HCl (pH 8.0), 1 mM EDTA 
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buffer (TE) to remove residual CsCl. DNA precipitation was effected by 
the addition of 1/10 vol of 3M sodium acetate and 2 vol of ice cold 
absolute ethanol and resuspended to a working concentration of 2 µg/µl 
in TE. 
If rapid small scale extraction of plasmid DNA was required 
either the alkaline lysis method of Birnboim and Daly (1979) or that of 
Holmes and Quigley (1981) was followed. 
In the first of these, 1.5 ml cells from a small (10-20 ml) 
overnight culture were lysed with 100 µl of an ice cold solution of 4 
mg/ml lysozyme in 50 mM glucose, 10 ~ EDTA and 25 mM Tris-HCl (pH 8.0). 
High molecular weight nucleic acids were denatured by adding 200 µl of a 
freshly prepared solution of 0.2 M NaOH, 1% SOS. 150 µl ice cold 
potassium acetate, (consisting of 3M potassium acetate adjusted to pH 
4.8 with glacial acetic acid), was then added allowing the high 
molecular weight material to be separated from the plasmid DNA which 
remained in solution following centrifugation. The plasmid DNA in the 
supernatant was extracted once with phenol/chloroform (mixed 24:1 with 
iso-amyl alcohol) (IAC), precipitated with ethanol and resuspended in 50 
µl TE containing 20 µg/ml DNAase-free RNAase before being digested with 
restriction enzymes of choice and examination on an agarose gel, or 
stored at -20°C. 
With the Holmes and Quigley (1981) plasmid DNA extraction method, 
2 ml cultures were grown for approximately 4 h to about mid-log phase. 
The cells from 1 ml of these cultures were resuspended in 30 µl 8% 
sucrose, 5% Triton-XlOO, 50 mM EDTA and 50 ~ Tris-HCl (pH 8.0) with 2 
µl (10 mg/ml) freshly prepared lysozyme. Following boiling for 40 sec 
the cells were centrifuged and nucleic acids in the supernatant were 
precipitated with isopropanol and resuspended in TE. As most nucleic 
acid was RNA the addition of 2 µl of a 10 mg/ml solution of DNAase-free 
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RNAase followed by incubation at 37°C for 2 min allowed the visualisation 
of DNA fragments smaller than 1 Kb which might otherwise have been 
obscured by RNA. 
2.5 GENOMIC DNA 
ExtrurJtion of GenomirJ DNA 
Genomic DNA was extracted from adult FasrJ-iola hepatirJa and 
from various mouse cell lines. The method used was essentially the same 
for both tissues. For F. hepati~a 0.5-1 g of frozen wonn stored in 
liquid nitrogen was used; for the cell lines either 5 x 107 cells, 
which had been previously snap frozen in liquid nitrogen and stored at 
-70°C, were used, or the DNA was extracted from cells which were freshly 
grown. 
Wann tissue was ground under liquid nitrogen in a mortar and 
pestle and added to 10 ml 50 n111 Tris-HCl pH 7.3, 20 mM EDTA. Cultured 
cells were lifted with trypsin if freshly grown or used directly if 
previously frozen, washed in PBS and also added to 10 ml 50 mM Tris-HCl, 
pH 7.3, 20 mM EDTA. 1.1 ml 10% laurylsarcosine was added, then CsCl 
added at 1 g/ml and the DNA centrifuged at 200,000 g for 36 h in the 
presence of ethidium bromide. Following centrifugation the band of DNA 
was removed and treated in the same manner as plasmid DNA. After 
resuspension in TE the genomic DNA was stored at 4°C with a drop of 
IAC. 
2.6 MANIPULATION AND VISUALISATION OF DNA 
Restr,irJtion EndonurJlease Digestion 
About 1 µg DNA was digested in a volume of 12 µl containing 2 µl 
DNA, 1.2 µl of the appropriate 10 x restriction buffer, 1 µl 100 mM S 
mercaptoethanol, 1 µg bovine serum albumin, 58 µl H20 and 1 U/µg DNA of 
enzyme. All restriction enzymes were obtained from New England Biolabs. 
The 10 x restriction enzyme buffer consisted of NaCl, Tris-HCl and MgCl2 
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1n concentrations specified by the manufacturer. Incubations were for 
1-11/2 hat the temperature specified by the manufacturer. 
Analytical Aga~ose Gel Elect~opho~esis 
The DNA to be examined was mixed with 3 µl 5 x gel buffer (0.1 
M EDTA pH 8.0 50% glycerol, 0.125% bromphenol blue) and electrophoresed 
through agarose on a horizontal mini gel apparatus (75 x 75 x 5 ITITI). 
11 A" grade Calbiochem agarose was used at concentrations varying from 
0.4%-2% according to the size of the fragments to be examined. The 
running buffer consisted of 40 mM Tris-HCL, 20 mM sodium acetate and 2 mM 
EDTA pH 8.0 (TAE) together with 0.5 µg/ml ethidium bromide. The gels 
were submerged in TAE and run at 80 V for 60-90 min at room temperature. 
DNA was visualised and photographed with a Polaroid MP4 camera using 
Polaroid Type 667 or Type 665 film and a red filter. Illumination used 
was ultra-violet light (254 nm) from a Chromate-Vue Transilluminator. 
Elect~oelution 
DNA was recovered from agarose gels by electroelution. Following 
electrophoresis the DNA was visualised under long wave ultra-violet 
light. For recovery of fragments more than 4 kilobases (Kb), the gel 
containing the DNA of interest was placed into dialysis tubing, sub-
merged in TAE buffer and electrophoresed at 80 V overnight. Eluted DNA 
was precipitated with ethanol and resuspended in TE at 0.5 µg/µl. For 
recovery of fragments smaller than 4 Kb the DNA was electrophoresed onto 
DEAE paper (Schleicher and Schull). The paper was prepared by soaking 
in 10 mM EDTA (pH 8.0) for 10 min followed by 0.5 M NaOH for 5 min and 
then rinsed in distilled water. Small pieces of DEAE paper were inserted 
into slits in the gel in front of the DNA to be recovered. Electro-
phoresis was then continued for 15 min until the DNA was taken up by the 
paper. The paper was washed briefly in 100 nt1 NaCl, 10 nt1 Tris-HCl, (pH 
7.4), 1 mM EDTA and the DNA eluted by 2 x 60 min extractions in 1 M NaCl, 
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100 mM Tris-HCl (pH 9.0) 1 rrt-1 EDTA; the DNA was then precipitated with 
ethanol and resuspended in TE at 0.5 µg/µl. 
Ligation of DNA 
It was necessary to ligate various fragments of DNA into 
appropriate vectors. For this procedure restriction enzyme digests of 
both insert DNA and vector DNA were made with appropriate restriction 
enzymes. The DNA was extracted with pheno 1 / ch 1 orofonn and precipitated 
with ethanol. Both complementary tennini and blunt end ligations were 
perfonned. The molar ratio of vector to insert DNA was most successful 
at 1:1, or 1:2 using 1-2 ug vector DNA. Ligation reactions were 
perfonned at room temperature for 16 h in 20 mM Tris-HCl (pH 7.6), 10 mM 
MgCl2, 10 mM dithiothreitol and 0.6 mM ATP with 400 U T4 ligase (New 
England Biolabs). 
Dephosphorylation of Ve~toP DNA 
To reduce background, vector DNA was phosphatased prior to the 
insertion of DNA fragments of interest, particularly when blunt end 
ligations were performed. About 12 µg linearised vector DNA was 
precipitated in ethanol and resuspended in dephosphorylation buffer 
consisting of 0.1 M glycine (pH 10.4), 1 mM MgCl2 and 0.1 rrtv1 ZnCl2, with 
0.1-0.2 U of calf intestine alkaline phosphatase (Mannheim Boehringer) 
per µg DNA, diluted in 50 mM Tris-HCl (pH 8.0) to a final volume of 100 
µl, and incubated at 37°C for 30 min. The reaction was quenched by the 
addition of 5 µl 5% SOS and incubation continued at 65°C for 45 min. 
The DNA was then extracted twice with phenol/chlorofonn and precipitated 
with ethanol. 
Competent Cells and TPansfor'TTlation of E. ~oli with Plasmid DNA 
The preparation of competent cells and the transformation of 
E.coli with plasmid DNA was carried out according to methods used in 
the Centre for Recombinant DNA Research, ANU, which are modified from 
those of Morrison (1979). 
Single colonies from L-plates were grown in 50 ml L broth 
overnight. The overnight culture was diluted 1 in 100 in prewanned 
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(37°C) L broth and grown to 00650 of 0.5-0.8 at 37°C with aeration. The 
cells were chilled in ice/water for 10 min, pelleted by centrifugation 
at 4000 g for 5 min and resuspended 1n 0.25 volumes (12.5 ml) of ice 
cold 0.1 M MgCl2. They were then recentrifuged at 4000 g for 5 min and 
resuspended in 0.25 volumes (12.5 ml) of ice cold 0.1 M CaCl2 and left 
on ice for 30 min. Following further centrifugation (4000 g for 5 min) 
the cells were gently res~spended in 0.05 volumes of ice cold 0.1 M 
CaCl2 if they were to be used immediately or 0.1 M CaCl2 with 15% 
glycerol if they were to be stored at -70°C. For storage, cells were 
dispensed into pre-chilled Eppendorf tubes in 200 µl aliquots, snap 
frozen in liquid nitrogen, and stored at -70°C. Before being used for 
tranfonnation the cells were thawed on ice/water. 10-500 ng DNA to be 
used for transformation was diluted to 100 ul in TE, heated to 65°C for 
5 min to inactivate ligases and chilled on ice for 5 min. It was then 
added to 200 µl thawed competent cells, mixed and left on ice 30 min. 
The mixture was heat shocked for 2 min at 42°C and added to 1.2 ml 
prewanned (37°C) L broth and incubated at 37°C for 60 min if the 
selective antibiotic were ampicillin, and 2 h if chloramphenicol, 
kanamycin or tetracycline were used. 100-200 µl of the transformation 
mix was spread on agar plates with the appropriate selective medium and 
allowed to absorb into the agar with the lid off. The plates were 
incubated overnight at 37°C. The resulting colonies were screened for 
particular DNA inserts either by filter hybridisation experiments or by 
rapid alkaline extraction of the plasmid DNA followed by agarose gel 
electrophoresis. 
2.7 RESTRICTION ENDONUCLEASE MAPPING 
The plasmids pFHl and pFH4 were digested with a variety of 
restriction endonucleases in both single and double digests, and the 
digests were examined by gel electrophoresis (Maniatis et al. 1982). 
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The band migration on the gels was plotted on semi-log graph paper 
against a standard curve constructed from marker fragments of DNA of 
known molecular weight (A DNA cut with the restriction enzyme Hind III). 
A map of restriction sites was then deduced using the published map of 
pBR322 as a reference. 
2.8 HYBRIDISATION ANALYSIS 
Both Southern blotting (Southern 1975) and filter hybridisation 
experiments were used to detect particular DNA sequences in both 
eukaryotic cells and bacteria. 
DNA PPobes 
DNA probes used for hybridisation analysis were radioactively 
labelled with [a-32p]-dCTP specific activity llOTBq/mmol (Radiochemical 
Centres .Arnersham) using a nick-translation kit under conditions 
recommended by the manufacturer (BRESA). Any self-complementary DNA 
probes more than 2 Kb in length were partially fragmented by the 
addition of 1/15 vol of 4 M HCl to the quenched solution at room 
temperature for 10 min, followed by the addition of 1/6 vol 4 M NaOH at 
room temperature for at least 10 min (Reed 1987). Shorter probes were 
denatured by the addition of 1/9 vol 4 M NaOH or by boiling 3 min 
shortly before use. 
SouthePn Blotting (Southern 1975) 
DNA to be analysed by Southern blotting techniques was run on 
either a mini-gel apparatus for 1-11/2 h or on a larger slab gel (19 cm 
x 15 cm x 5 lTITI) overnight. Gels were soaked for 2 x 5 minutes in 2 vol 
of 0.25 M HCl to cut the high molecular weight DNA and the nucleic acids 
were transferred to either Genescreen (New England Nuclear) or Zeta-
Probe (Biorad) membranes by capillary blotting in 0.4 M NaOH according 
to the methods of Reed (1987). Filters were rinsed briefly in 2 x SSC 
(150 rnM NaCl, 15 mM sodium citrate) and either used immediately or 
stored in sealed plastic bags at -20°C. 
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Hybridisation of the radioactive probes with the DNA on the 
membranes was performed either in the presence of formamide at 37°C or 
without fonnamide at 65°C. If formamide was used the membranes were 
pre-hybridised for 2 hat room temperature in 50% formamide, 3 x SSC, 
0.1% SOS, 8 x Denharts solution (Maniatis et al. 1982) in TE, then 
hybridised overnight at 37°C in a volume of 25 ml of prehybridisation 
mixture plus the probe with gentle agitation. 
If formamide was omitted the methods of Reed (1987) for Zeta-
Probe were followed. The prehybridisation mixture consisted of 2 x SSPE 
(0.18 M NaCl, 10 mM sodium phosphate, (pH 7.7), and 1 mM EOTA), 1% SOS, 
0.5% non-fat milk powder (blotto) (Johnson, Gautsch, Sportsman and Elder 
1984), 10% dextran sulphate and 0.5 mg/ml non-homologous carrier DNA. 
The membrane was prehybridised by briefly washing in this solution and 
then hybridised to the probe at 65°C for 4-16 h while sandwiched between 
2 sheets of filter paper (Whatman 542) and sealed in a plastic bag. 
Following hybridisation, filters processed by either method were treated 
in the same manner. They were washed as follows: rinsed in 2 x SSC, 
washed in 2 x SSC, 0.1% SOS at room temperature for 15 min with vigorous 
agitation, washed in pre-heated (65°C) 0.5 x SSC, 1% SOS for 15 min 
again with vigorous agitation, rinsed in 0.5 x SSC, 0.1% SOS at room 
temperature, wrapped in plastic wrap and exposed to ·Kodak XAR-5 film for 
maximum sensitivity or Fugi RX film, with intensifying screens for 
periods varying from 2 h to 2 weeks at -70°C. 
Filte~ Hybr'idisation 
Bacterial colonies to be screened by hybridisation to 32p_ 
labelled DNA probes were grown at 37°C on agar plates overnight. A nitre-
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cellulose filter was laid over the colonies, with care to avoid air 
bubbles, and left 1n contact with the colonies for 2 min at room 
temperature. The filters, colony side up, were placed on fresh agar 
plates and grown at 37°C for 4-6 h. The colonies were lysed with 1.5 M 
NaCL, 0.5 M NaOH, for 5 min at room temperature and neutralised in 1 M 
Tris-HCl (pH 8.0) 1.5 M NaCl for 5 min at room temperature, then baked 
at 80°C for 2 h. After baking, the filters were treated in the same way 
as the membranes for Southern blotting when formamide was used. 
Dot Blotting 
Dot blots of mouse cells from cultured cell lines were analysed 
for the presence of Fasciola hepatica DNA. 5 x 105-106 cells in 10 µl 
TE were spotted onto nitrocellulose and air dried. Thereafter the 
filters were lysed, neutralised and treated in the same manner as those 
used for bacterial colony hybridisation experiments. 
2.9 CELL LINES 
Mouse cell lines were obtained from various sources: Ltk-
cells from Dr M.J. Howell, ANU; C127 cells from the American Type 
Culture Collection; 3T3 cells from Dr L. Dankwertz, ANU. These three 
cell lines were maintained in Dulbecco's modified Eagle's Medium (DMEM, 
Flow Laboratories) supplemented with 10% foetal calf serum (FCS, Flow 
Laboratories) and containing 100 units/ml penicillin (Commonwealth Serum 
Laboratories) and 100 µg/ml streptomycin (Glaxo). 
The cells were grown in 25 cm2 (Lux) or 75 cm2 (Nunclon) tissue 
culture flasks incubated at 37°C with 2-3 medium changes/week. When 
confluent the cells were lifted with 0.1% trypsin (CSL) in versene 
solution (0.02% EDTA, 0.2% KCl, 0.02% KH2P04, 0.8% NaCl and 0.115% 
Na2HP04) and washed by centrifugation. The pellet was resuspended 1n 
DMEM and split into four flasks. For long term storage the cells were 
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suspended at 106 cells/ml in DMEM with 10% dimethylsulfoxide (DMSO, 
Fluka) and cooled in a polystyrene container at 1°/min to -70°C for 
2-12 h before transferring to the vapour phase of a liquid nitrogen 
container. For re-use they were thawed quickly at 37°C, washed in DMEM 
by centrifugation and grown at 37°C. 
2.10 CO-TRANSFORMATION OF EUKARYOTIC CELLS 
Various mouse cell lines were co-transformed by the calcium 
phosphate precipitation procedure with DNA carried on plasmids. The 
methods used with each cell line and the various plasmids were the same 
throughout the study; they were adapted from those of Wigler et al. 
(1978). Between 10 and 20 µg marker plasmid DNA and up to 6 times that 
amount of pFH4 or pFHl were ethanol precipitated, resuspended in 1 ml 1 
mM Tris-HCl (pH 7.9), 0.1 rnM EDTA and 20 rrM CaCl2· This mixture was then 
added to an equal volume of 2 x Hank's basic salt solution (HBS) 
containing 280 mM NaCl, 50 ~ HEPES, 1.5 mM Na2HP04 (pH 7.12) with 
constant agitation. 
A calcium phosphate-DNA precipitate was allowed to form at room 
temperature for 30 min, and 1 ml of precipitate was added to the 
DMEM/FCS above about 3 x 106 rapidly growing recipient cells in a 
Nunclon flask. The cells were incubated at 37°C. After 4-6 h, the 
medium was replaced with fresh medium. After 24-48 h the medium was 
replaced with selective medium according to the type of recipient cells 
and the marker plasmids being used (see below). Media changes were made 
thereafter twice weekly and observations made for the presence of 
transformed colonies once each week. 
T~ansfor7mation of EukaPyoti~ Cells 
In some experiments eukaryotic cells were transformed with a 
single species of plasmid but the procedures used were essentially the 
same as those used for co-transformation. 
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2.11 SELECTION OF CELLS TRANSFORMED WITH MARKER PLASMID 
Mouse cells which had been transformed with marker plasmid were 
selected for with a variety of selective media. The selective medium 
used depended on which marker plasmid had been introduced into the mouse 
cells. For pHSV-106 in mouse Ltk- cells the selective medium contained 
hypoxanthine 20 rrM, aminopterin 0.4 mM, thymidine 3.2 nt,1 in DMEM (HAT 
medium) supplemented with 10% FCS. 
For pdBPV-MMTneo(342-12) in mouse Cl27 cells the selective 
medium contained 400 ug/ml geneticin (G418, Sigma) which was reduced to 
200 µg/ml after the first 3 weeks of selection. 
The selection medium used for pMSG and mouse 3T3 cells 
contained 0.1 rrM hypoxanthine, .0045 nt,1 aminopterin, 0.04 rn'1 thymidine, 
1.4 mM xanthine and 0.078 mM mycophenolic acid in DMEM supplemented with 
5% FCS. 
In all experiments colonies were usually visible 10-15 days 
after transformation and they were either picked into individual wells 
of a 96 well tray, or collectively subcultured into tissue culture 
flasks in preparation for dilution cloning 3 weeks after 
transfonnation. 
2.12 SELECTION OF TRANSFORMED CELLS EXPRESSING FASCIOLA HEPATICA DNA 
An indirect fluorescent antibody test was used to identify 
transfonned cells which expressed antigenic products of Fas~ioZa hepati~a. 
The treated cells were either examined under a UV microscope or quantified 
for fluorescence by a fluorescent activated cell sorter (FACS) (Becton 
Dickinson 440). 
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Mia~osaopy 
Cells were grown on cover slips, fixed with methanol and 
1:1 acetone for 5 min, incubated for 1 hat 37°C in infected sheep serum 
(see below) diluted 1/8 - 1/32 with phosphate buffered saline (PBS, 147 
mM NaCl, 9 mM Na2HP04, 1 mM NaH2P04, pH 7.6), washed 5 x in PBS, 
incubated for 1 hat 37°C in fluorescein-isothiocyanate (FITC) labelled 
rabbit-anti-sheep immunoglobulin (Ig) (Wellcome) diluted 1/20 in PBS, 
and finally washed 5 x in PBS and examined under a Leitz UV microscope 
using a BG12 exciter filter and blue absorbent barrier filters. 
Controls were incubated with nonnal rather than infected sheep serum but 
otherwise treated as above. 
In some experiments serum prepared from a rabbit (Gorrell, 
PhD Thesis, Zoology Department, ANU 1981) which had been injected with 
F. hepatiaa antigens (LAF) was used as a source of first antibody 
(see below). In this case FITC-labelled sheep-anti-rabbit Ig (Silenus) 
was used as second antibody. 
Cells to be tested on a FACS machine were grown to between 50 
and 80% confluence. To give reproducible results each set of cells was 
dispersed into large flasks at 300,000 cells/flask and grown for 3 days 
before testing. Cells were lifted with 0.1% trypsin in versene, counted 
and diluted to 106/ml in DMEM, centrifuged and resuspended in 200 µl of 
either infected or normal sheep serum for 30 min at 4°C. Cells were 
then centrifuged at 200 g through a 1 ml cushion of ice-cold FCS and 
resuspended in 200 µl FITC-labelled rabbit-anti-sheep Ig for 30 min at 
4°C (Dr R. Ceredig pers. comm.). Fluorescence profiles of each cell 
population were measured on a FACS. 
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2.13 SERA 
Both sheep and rabbit sera containing antibodies to F. hepatica 
were used to test for the expression of F. hepatica antigens ,n 
different mouse cell lines which had been transformed with marker 
plasmids in association with various preparations of F. hepatica 
DNA. 
Norrma"l Sheep Se~ 
Blood was taken from colostrum deprived sheep which had been 
born in wonn free conditions in the Faculty Animal Care Facility, ANU, 
and which had not been suckled by their mothers. The blood was stored 
at room temperature for 4 h to clot, then centrifuged at 1500 g for 10 
min. The serum was removed, divided into aliquots and stored at -20°C 
( NSS) • 
Infected Sheep Serrum 
Blood was taken from sheep infected with F. hepatica by the 
administration of 200 metacercariae pe~ os 10 weeks previously. The 
blood was treated in the same way as that from normal sheep. Serum from 
these sheep (ISS) had antibody levels against F. hepatica of between 
25 and 40 ug protein/ml serum (Sandeman, unpublished ANU PhD Thesis, 
1980). 
Nor'ma"l Rabbit Serrum 
Blood was taken from the ear vein of uninfected rabbits and 
treated as for normal sheep serum. 
Injected Rabbit Serrum 
Rabbits which had been injected with 193 mg (spread over 4 
injections) of an homogenate of F. hepatiaa provided anti-F. hepatica 
anti-serum (LAF) (Gorrell 1981). 
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2.14 DILUTION CLONING 
In order to ensure that co-transformed cells growing 1n tissue 
culture flasks did not become overgrown by non-transformed cells (which 
may occur in mixed populations) the co-transformed cells were dilution 
cloned to produce populations of cells which grew from a single cell. 
96 well, flat bottom microtitre plates (Flow Laboratories) with 100 µl 
selective medium/well were gassed for 1 h in 5% CO2 in air. The cells 
to be dilution cloned were lifted with trypsin and counted. 100,000 
cells in 100 µl selective medium were then added to well 1 of each tray 
and (two-fold) serial dilutions made until O cells/well was achieved. 
The trays were incubated at 37°C under 5% CO2 in air. Single clones of 
cells growing in a well were lifted with trypsin and transferred 
directly to a 24 well flat bottom tray (Flow Laboratories) containing 
0.5 ml selective medium plus 10% foetal calf serum taking care to change 
the medium about 6 h after lifting to remove the effects of the trypsin. 
These trays were incubated at 37°C under 5% CO2 in air. When the clones 
had become established they were lifted with trypsin, washed by 
centrifugation in medium and transferred to tissue culture flasks for 
continued culture. 
2.15 PROTEIN ANALYSES 
Sodium dodecylsulphate polyacrylamide gel electrophoresis (SDS-
PAGE) was used to examine the proteins produced by co-transformed, 
transformed and parental cell lines (Laemmli 1970). Western blotting 
techniques were used to identify which, if any, of the polypeptides 
expressed by these cells were F. hepati~a antigens. 
SDS-PAGE 
Populations of cells that were to be analysed for protein 
content were grown in 25 cm2 flasks at 37°C until about 75% confluent. 
These cells were lifted with trypsin, washed in PBS, and suspended to a 
concentration of about 106 in 100 µl and cells were then examined as 
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a total cell lysate or freeze thawed 3 x in liquid nitrogen and 
centrifuged 2 min in a microfuge to disrupt and pellet the cell 
membranes. An alternative procedure involved sonicating the cells for 
10 sec at position 2 with the small probe on a Sonifier cell disrupter. 
The samples (in volumes from 10 to 50 µl) were added to an equal volume 
of 2 x sample buffer containing 0.125 M Tris-HCl (pH 6.8), SOS 6%, 
glycerol 20%, and 0.4% bromphenol blue and 1.4 M 8 mercaptoethanol. The 
contents of the tube was boiled for 1.5 min before loading on to a 10% 
SOS-PAGE gel. Electrophoresis was perfonned at 40 mA for 3-4 h. Heavy 
and light molecular weight standards (Biorad) were run on each gel. 
After electrophoresis the gels were stained with 0.2% Coomassie Blue in 
methanol :acetic acid:water in a 5:1:5 ratio for 30 min at 37°C and 
destained for several h in 2-3 changes of a solution consisting of 600 
ml ethanol, 250 ml acetic acid and 1750 ml water. Gels were 
photographed wet or after drying on a Gel-Drier (Biorad) under vacuum 
for 3-4 h. 
Weste~n Blotting 
Proteins to be immune-screened were transferred from SOS-PAGE 
gels to nitrocellulose membranes (Schleicher and Schull) in a vertical 
electrophoresis tank (Biorad) in buffer containing 20 rnM Tris-HCl and 
0.15 M glycine (Western blot buffer) at 150 mA overnight. The filters 
were washed in 20· nt1 Tris-HCl, 500 mM NaCl pH 7.5 (TBS) with 5% non-fat 
dried milk (Diploma) for 30 min at room temperature with gentle 
agitation. They were then incubated in infected sheep serum diluted 
1/8-1/16 in TBS/5% non-fat dried milk for 1 hat room temperature, 
washed 3 x for 10 min in TBS with 0.05% Tween (Sigma) and incubated for 
1 hat room temperature in rabbit-anti-sheep immunoglobulin (Ig) 
labelled with horseradish peroxidase (Silenus) diluted to 1/1500 with 
TBS/5% non-fat dried milk. Control filters were incubated in nonnal 
sera rather than infected sera, but otherwise treated identically. The 
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filters were then washed as before with TBS/Tween and in TBS alone twice 
for 2.5 min. They were exposed to a colour development solution 
consisting of 60 mg 4-chloro-1-naphthol in 20 ml cold methanol added to 
0.1% hydrogen peroxide in 100 ml cold TBS. Colour development proceeded 
for 5-30 min. The filters were rinsed in distilled water, dried and 
photographed within 1 week before coloured bands faded. On some 
occasions the first antibody was infected rabbit serum and nonnal rabbit 
serum was used as a control. In these cases the second antibody used 
was sheep-anti-rabbit Ig coupled with horseradish peroxidase (Silenus). 
These sera were used at the same dilutions as those used for sheep 
sera. 
Dot Blots 
If a qualitative assessment of the presence of antigens was 
required a dot blot technique was used. In this technique 2-5 µl of 
cell lysate or supernatant was applied directly to the nitrocellulose, 
air dried, and then treated with serum and appropriate second antibody 
as described for Western blotting. 
Colony Blots 
Colony blots were used for detecting bacteria expressing 
antigens coded for by F. hepati~a inserts. Replicas of the colonies 
to be screened were transferred to nitrocellulose filters. The filters 
were placed colony side up on agar plates with the appropriate antibiotic 
and grown for 2-4 hat 37°C. They were then lysed by placing on 3 mm 
paper soaked in 5% SOS for 5 min. The filters were then heated for 30 
sec in a microwave oven at 600 Watt or 60 sec at 200 Watt or 25 min at 
95°C in a conventional oven, and electrophoresed between 3 mm paper in 
Western blot buffer for 30 min at 50 V. Following electrophoresis the 
filters were incubated for 20 min in TBS/5% non-fat dried milk with 10 
µg/ml DNAase, and then treated with serum and appropriate second 
antibody as for Western blotting. 
CHAPTER 3 
CO-TRANSFORMATION OF MOUSEL CELLS WITH MARKER PLASMID DNA 
AND FASCIOLA HEPATICA cDNA 
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3.1 INTRODUCTION 
This chapter describes the co-transfonnation of a mouse cell 
line (L cells) with marker plasmid DNA and a recombinant plasmid 
containing cDNA of the liver fluke, Fas~iola hepati~a. The essential 
objective of the experiments was the derivation of transfonned cells 
expressing antigenic polypeptides coded for by parasite DNA. Additional 
experiments were carried out in attempts to insert the parasite DNA into 
the marker plasmid and to transform mouse cells with the modified 
vector. 
3.2 CO-TRANSFORMATION 
Co-transformation is the term for an adaptation of the trans-
formation technique in which "foreign" DNA is introduced into eukaryot ic 
cells. Co-transfonnation involves exposing host cells to two sources of 
DNA, one which changes their genotype and thus acts as a marker, and the 
other, the DNA whose expression is sought (Wigler et al. 1978; Wigler, 
Pellicer, Silverstein, Axel, Urlaub and Chasin 1979). The technical 
procedures involved make it unnecessary to have the marker gene on the 
same vector as the DNA of interest; it is assumed that if marker DNA is 
taken up by host cells, then the other DNA will also be taken up, an 
event enhanced by having a high ratio of that DNA to marker DNA. It i s 
important to note, however, that for most DNA species positive selection 
can only be imposed on the marker DNA. 
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For co-transfonnation a mixture of the two types of DNA to be 
introduced into the eukaryotic cells is suspended in a solution 
containing a high concentration of calcium ions. A calcium phosphate 
precipitate forms which is introduced into the culture medium above 
rapidly growing host cells. During the ensuing 4-6 h the DNA-calcium 
precipitate is carried across the cell membrane into the cytoplasm. At 
the time of starting these experiments this method had been used 
successfully to co-transform mouse L cells lacking the gene for thymidine 
kinase (tk) (designated Ltk-) with a tk gene as the marker and a number 
of types of DNA, for example ~X DNA (Wigler, Sweet et al. 1979); the 
early region DNA of SV40 (Hanahan, Lane, Lipsich, Wigler and Botchan 
1980); genes coding for human HLA-DR antigens (Rabaurdin-Combe and Mach 
1983); and DNA coding for a human T cell line (Newman, Domingo, Trotter 
and Trowbridge 1983). In each case expression of the non-marker DNA was 
obtained. 
For the first experiments of the present study a similar 
approach was adopted. Mouse Ltk- cells were used as hosts and they were 
co-transformed with the tk gene from herpes simplex virus carried on the 
plasmid pHSV-106 (McKnight and Croce 1980) together with one or other of 
the recombinant plasmids pFHl or pFH4. Both pFHl and pFH4 carry Fasciola 
hepatica cDNA coding for antigenic polypeptides that are expressed 
during fluke infection in sheep (see Appendix 1); it was their 
expression that was sought following the co-transformation procedure. 
3.3 SELECTION OF CELLS TRANSFORMED BY MARKER PLASMID 
The probability of a eukaryotic cell having its genome 
transformed by "foreign" DNA is comparatively low (1 colony/106 cells 
using from 0.02 - 2 ng purified tk gene) (Wigler, Pellicer et al. 1979; 
Grodzicker and Klessig 1980). For this reason a method for selecting 
42 
rare transfonnants has been developed. Following exposure to DNA the 
host cells are exposed to a selective medium (HAT) in which only those 
cells which have been transformed by the marker DNA can survive. 
This method of selection allows the establishment of cell lines which 
have been transfonned with marker plasmid. Transfonnants are also 
screened with a second procedure to test for the expression of polypep-
tides coded for by the 11 other11 DNA. In the present case, involving 
Fasciola hepatica cDNA, transfonned cells were screened for the 
expression of antigenic polypeptides of the parasite with an indirect 
fluorescent antibody test using F. hepatica-infected sheep serum as 
first anti body. 
3.4 RECONSTRUCTION OF THE VECTOR 
Because co-transfonnation is a rare event (Wigler, Pellicer 
et ai. 1979) an attempt was made to increase the frequecy of obtaining 
antigen expressing cells by inserting Fasciola hepatica cDNA into 
the marker plasmid. In this way the parasite DNA might come under the 
direct influence of the selective medium and thus stand a greater chance 
of being expressed as well as diminishing the probability of its loss in 
the absence of selection. Thus, a single plasmid was constructed from 
pHSV-106 and pFHl. It was designated pFH/TK and was used to transfonn 
rather than co-transform mouse Ltk- cells. 
3.5 MATERIALS AND METHODS 
Host Cells 
The eukaryotic host cells used were from a mouse Ltk- tissue 
culture line, described in Section 2.9. 
Plasmid DNA 
Plasmids pHSV-106, pFHl, pFH4 and pUC19 were obtained from 
sources described in 2.4. Their maintenance, extraction of plasmid DNA 
and analysis of DNA were as described in Chapter 2. 
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pHSV-106 
The plasmid pHSV-106 is a 7.7 Kb plasmid which was constructed 
by the insertion of 3.4 Kb of the herpes simplex virus tk gene into the 
Barn HI restriction endonuclease site of the plasmid pBR322 (Figure 3.1) 
(McNight and Croce 1980). pHSV-106 was maintained in E. coli RRI 
(Section 2.4). 
pFHl and pFH4 
These two plasmids carry independent Fasciola.hepatica cDNA 
inserts in the Pst I restriction enzyme site of the plasmid pBR322 (see 
Appendix Figure 1.5). They were maintained in i. coli MC1061 
(Section 2.4). 
Co-tPansfoPmation of Mouse Cells 
Co-transformation of mouse Ltk- cells with plasmids pHSV-106 
and pFHl or pFH4 was carried out as described in Section 2.10. A series 
of experiments was conducted with concentrations of pHSV-106 DNA varying 
from 3-100 µg DNA per 75 cm2 Nunc flask of subconfluent cells (about 3 x 
106 cells) and 5-6 times that amount of pFHl or pFH4 DNA. 
} <Ao.."'t.\f,.lc.\t1~f Cells Tronsfo-rrmed with MaPkeP Plasmid 
Mouse cells which had been transformed from the Ltk- to the Ltk+ 
phenotype by exposure to the plasmid pHSV-106 were selected by incubation 
in HAT medium (Section 2.11). Colonies of transformants were visible 7-14 
days after co-transformation and were subcultured into tissue culture 
flasks after 21 days. These transformants were maintained in HAT medium. 
:r~~t,;p.·,c.CA+ioh of Cells TPansfo-rrmed with Fasciola hepatica DNA 
An indirect fluorescent antibody test was used to identify 
those transformants which had also taken up either the plasmid pFHl or 
pFH4 and which expressed antigenic polypeptides of Fasciola hepatica. 
Fluorescent antibody tests (Section 2.12) were performed using infected 
BemHl 
Pst 1 
Amp gene 
1 
pHSV-106 
Sel 1 
Sphl 
Figure 3. 1 Pl esmi d pHSV-106 
• 
Gene for thymi dine ki nese from 
herpes si mp 1 ex virus 
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and nonnal sheep sera or infected and normal rabbit sera followed by the 
use of the appropriate fluoroscein-isothiocyanate labelled second 
antibody (Section 2.13). 
Reconstrruction of the Vecto~ 
The strategy for removal of the Fasciola cDNA from pFHl and its 
insertion into the plasmid pHSV-106 is illustrated in diagrammatic form 
in Figure 3.2. It was a 2-step process in which the first step involved 
digesting pFHl with the restriction endonuclease PstI to release the 
Fasciola hepatica cDNA fragment (Figure 3.3). The PstI fragment was 
inserted into the PstI site of pUC19 which was then transformed into 
E.coli JM107. Plasmid DNA was extracted from resulting recombinant 
colonies and was examined by restriction endonuclease digestion and gel 
electrophoresis (Sections 2.4, 2.6). The orientation of the insert was 
also determined using the mapped position of the single EcoRI site as a 
reference (Appendix Figure 1.5). 
In the second stage of the reconstruction the plasmid pHSV-106 
was digested with restriction endonucleases SphI and Sal I to remove an 
11 base pair segment and leave the linearised plasmid with non-homologous 
ends. The 6 Kb linearised plasmid was electroeluted from the gel. The 
fragment of Fasciola hepatica cDNA was removed from pUC19 by digestion 
with Sal I and SphI and was ligated into the linearised pHSV-106. 
Following transformation of E. coli JM107 colonies were screened 
immunologically in colony blots (Section 2.15) using an artifically 
raised rabbit anti-serum to Fasciola hepatica (LAF) (Section 2.13), 
as well as by filter hybridisation (Section 2.8) using a nick-translated 
[a-32p]dCTP-labelled DNA probe made from the PstI F. hepatica-fragment 
of pFHl. The new plasmid was designated pFH/TK. 
Fasciola 
hepatica / 
Pst1 .·.· Pst1 Pst1 
--+ L:::::::::::=:=:======:::::======:::=:::::J 
F ascio la hepatica 
.. Thymidine 
.. kinase gene 
--+ 
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Figure 3.2 Di egrem of the steps involved in the vector 
reconstruction in which e fragment of 
F!Jepat lea c DNA was removed f ram the 
pl es mi d p F H 1 end i n s e rte d i n to the pl es mi d 
pHSV-106 to create the new pl esmi d pFH/T K. 
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Figure 3. 3 Di a gram of vector mani pul at ion to remove F/JeptJt ictJ 
c DNA f ram the p 1 esmi d pFH 1 and insert it into the 
intermediate p 1 asmi d pUC 19 
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TrunsfoPmation of Mouse Cells with pFH/TK Plasmid 
Transformation of mouse Ltk- cells with the single plasmid 
pFH/TK, containing both the marker and F. hepatica cDNA, was attempted 
using procedures previously described for co-transformation. The 
plasmid DNA was used at a concentration of 50 µg DNA per -75 cm2 flask 
containing about 3 x 106 cells. Transformed cells were selected with 
HAT medium. 
3.6 RESULTS 
Co-tPansfor,nation of Mouse Ltk- Cells 
When mouse Ltk- cells were co-transformed with the plasmid 
pHSV-106 together with either pFHl or pFH4 and selected with HAT medium, 
a small number of transformants was obtained. Table 3.1 shows the 
number of colonies per flask of 3 x 106 cells with a range of 
concentrations of pHSV-106 DNA. Colonies of dividing cells were visible 
14 days after exposure to the plasmids and were counted at 3 weeks. The 
mean number of transformants was 0.18/µg pHSV-106 DNA/flask of cells and 
most transformants were obtained at DNA concentrations between 40 and 
100 µg/flask. The transformation frequency of the tk DNA was 0.04 
transformants/µg tk DNA, derived from the calculation: 
no. of transformants x size of entire plasmid 
µg pHSV-106 DNA size of tk DNA insert 
as given by Sarver, Byrne and Howley (1982). 
Fluopescent Antibody Tests 
Indirect fluorescent antibody tests on flasks of cells which 
had been transformed by the plasmid pHSV-106 were carried out in order 
to identify those cells which had taken up either plasmid pFHl or pFH4 
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Table 3.1 Number of colonies of co-transfonned mouse L cells per flask 
of 3 x 106 cells with a range of concentrations of pHSV-106 
DNA. 
µgDNA/3 x 106 Cells No. of Colonies 
100 13 
80 8 
60 18 
60 Nil 
40 10 
40 7 
40 7 
30 2 
20 4 
13 1 
3 Nil 
t 
50 
and were expressing F. hepatica antigens. A summary of the results 
is shown in Table 3.2; they were derived by subjective evaluation of 
fluorescence and confinned by a second observer. Both infected sheep 
sera and rabbit sera containing antibodies to F. hepatica gave 
positive results for the first 3-4 weeks after transformation, while the 
controls using normal sheep and rabbit sera were always negative. 
Examples of positively fluorescing cells (Figure 3.4A) can be compared 
with negative control cells in Figure 3.48. Fluorescence observed in 
positive cells was uniform over the entire cell although the nucleus was 
seen in negative relief; the negative cells were extremely faint and 
had to be exposed for long periods in order to be photographed. 
Positive cells gradually became negative between 5-8 weeks after 
transfonned colonies were first observed in culture. 
Vecto~ Reconstrruction 
· Anew vector pFH/TK was constructed which included the 
Fasciola hepatie!a cDNA fragment from pFHl and the marker tk gene 
from pHSV-106. In the course of constructing the new vector the plasmid 
pHSV-106 was found to contain restriction endonuclease sites other than 
those shown on the published map (BRL catalogue 1985). When the plasmid 
was digested with either SphI or Ava I and examined by electrophoresis 
a number of supernumerary fragments were found. A summary of band sizes 
found and expected band sizes is shown in Table 3.3. To avoid the 
problem caused by the extra DNA fragments, pHSV-106 was digested with 
SphI and Sall and electrophoresed on an agarose gel. The largest band 
(6.0 Kb) was removed from the gel by electroelution before theFasciola 
hepatica cDNA was ligated into it. 
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Table 3.2 Indirect fluorescent antibody tests on mouse L cells co-
transformed with pHSV-106 and pFHl or pFH4. The antibody 
tests were conducted using sheep or rabbit serum containing 
antibodies to P. hepati~a followed by a FITC-labelled 
second antibody. Control cells were examined using nonnal 
sheep or rabbit serum as first antibody. 
Transfonnation No. 
1 
2 
3 
Weeks after Transfannation 
3 
3 
6 
6 
3 
4 
4 
5 
3 
4 
5 
5 
8 
Serum 
Sheep 
Rabbit 
Sheep 
Sheep 
Sheep 
Sheep 
Rabbit 
Rabbit 
Rabbit 
Rabbit 
Rabbit 
Sheep 
Sheep 
Result 
Pas 
Pas 
Neg 
Neg 
Pas 
Neg 
Pas 
Pas 
Pas 
Pas 
Neg 
Pas 
Neg 
Figure 3.4 
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A 
B 
Mouse L cells co-transformed with plasmids pHSV-106 and 
pFHl. Fluorescent antibody tests using F. hepatica-
infected sheep serum enabled identification of those cells 
which were expressing the parasite's antigens. 
A Cells incubated with infected sheep serum and FITC-
labelled rabbit-anti-sheep lg. These cells were 
positive. 
B Cells incubated with normal sheep serum and otherwise 
as for (A). These cells were negative. Scale bar 20 µm. 
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Table 3.3 Summary of observed band sizes and expected band sizes when 
the plasmid pHSV-106 was digested with a variety of 
restriction enzymes and electrophoresed on an agarose gel. 
Restriction 
Enzyme 
Hind I I I 
Sal I 
Sph I 
Sph I and Sal 
Barn HI 
Ava I 
I 
Barn HI and Ava I 
Observed 
Fragment size (Kb) 
8.0 
8.0 
6.0 
2.75 
6.0 
2.75 
4.9 
4.1 
3.9 
1.24 
0.73 
3.4 
3.25 
1.08 
0.84 
0.68 
Expected Size (Kb) 
(from published map) 
7.7 
7.7 
7 .. 7 
7.67 
0.089 
3.4 
4.3 
7.7 
3.4 
3.3 
1.049 
54 
TPansforrmation of Mouse Ltk- Cells u>ith the Re~onstr>U,~ted Ve~toP 
Mouse Ltk- cells were exposed to pFH/TK and the cells were 
cultured in HAT medium to select for transfonned colonies. However, 
after 3 weeks no transformants were obtained in any of six flasks of 
cells, each of which had been exposed to 50 µg plasmid DNA. 
3.7 DISCUSSION 
Sele~tive Medium 
The medium used to select transfonnants with a tk+ phenotype 
contained hypoxanthine, aminopterin and thymidine (Section 2.11). 
Aminopterin blocks all reactions involving the enzyme dihydrofolate 
reductase (E.C.1.5.1.3) which is involved in the de nova synthesis 
of all purines and also 1n the methylation of dUMP to form dTMP (Paul 
1975). In the presence of aminopterin cells are dependent on exogenous 
sources of purines and thymidine. Normal cells can grow in HAT medium 
but tk-cells cannot because both the de novo and 'salvage' pathways 
are blocked. If tk-cells are transfonned to the tk+ phenotype by the 
integration and expression of the tk gene from the plasmid, pHSV-106, 
the cells are able to survive and grow in HAT medium by incorporating 
exogenous thymidine. 
TPansforrmation Rate 
Mouse Ltk- cells which lack the tk gene were successfully 
transformed to the tk+ phenotype by the tk gene carried on the plasmid 
pHSV-106. The transformation rate of 0.04 transformants/µg tk DNA was 
comparable with results obtained by McNight and Gavis (1980). It is 
difficult to make direct comparisons because the same concentrations of 
DNA were not used and the transformation rate is calculated from the 
concentration of the marker plasmid DNA. The number of transfonned 
' 
colonies did not correlate with the concentration of marker plasmid DNA, 
but rather there was a threshold of concentration of DNA above which 
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transformed colonies were obtained (Table 3.1). This was about 20 µg/ 
3 x 106 cells. The fact that more transformed colonies were obtained 
with higher concentrations of DNA may have been because in these 
experiments no extraneous carrier DNA was used to facilitate DNA uptake 
by the cells. Thus the marker DNA at higher concentrations may have 
acted as its own carrier. 
Although the transformation rates were not high (6 transformed 
colonies/flask of 3 x 106 cells) they nevertheless provided adequate 
amounts of materi a 1 for proce·ssi ng by one operator. For this reason 
no attempt was made to increase the transformation frequency by either 
the addition of carrier DNA (Wigler et al. 1978) or the linearisation 
of the marker plasmid with restriction enzymes, a strategy which has 
been used to increase the rate of transformation 5-fold (McKnight and 
Croce 1980). 
The relatively low frequency of transformation when using the 
tk gene carried on a bacterial p 1 asmi d as a marker may· result from the 
fact that the gene becomes integrated into the host genome. It is 
possible that the marker DNA is subject to rearrangements and possibly 
incorrect insertion, and successful integration and expression of the 
gene may only occur at low frequency. Integration into the genome has 
been shown for a number of different tk DNA bearing plasmids by hybridi-
sation experiments (McKnight and Croce 1980; Hanahan, Lane, Lipsich, 
Wigler and Botchan 1980; Sekeguchi, Nishiwato, Kai and Sekeguchi 1983). 
Fluopes~ent Antibody Tests 
Indirect fluorescent antibody tests are a sensitive method for 
detecting antigen produced by cells. If the cells are grown on cover-
slips and treated with fixative before application of first antibody, as 
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1n these experiments, internal antigens become accessible to the 
antibody reagents and can therefore be visualised. Cells co-tranformed 
with the marker plasmid pHSV-106 and pFHl or pFH4 fluoresced strongly 
when treated first with sera from sheep or rabbits containing antibodies 
to F. hepati~ and then treated with FITC-labelled second antibody. 
Clearly, these cells were expressing F. hepati~a antigenic polypeptides . 
However, expression of the antigens did not persist for more than 5-8 
weeks after transformation. This could have been due to the fact that 
DNA coding for the parasite· antigens in the mouse cells was not under 
any outwardly imposed selection pressure for its retention by the cells 
and could have been discarded by the cells. Alternatively transcription 
and translation of parasite mRNA may have been suppressed. Thus, in view 
of the failure to obtain sustained expression of Fas~iola hepati~a 
antigens it was decided to reconstruct the plasmid carrying the marker 
gene so that it also carried the Fas~iola hepati~ cDNA. In this way it 
was anticipated that the parasite DNA would come under direct selection, 
assuming HAT medium imposed pressure on the entire plasmid and not just 
the tk component part of it. 
Ve~to~ Re~onst~u~tionl 
The first step in the reconstruction of the vector was to 
remove the Fas~iola hepati~a cDNA from the plasmid pBR322 and insert 
it into the PstI site of pUC19; this was readily achieved. In order to 
preserve the same orientation of the Fas~iola hepati~a cDNA 1n pUC19 
as in pBR322 (the orientation in which the DNA is expressed in E. ~oli) 
several plasmids were examined. The position of the single EcoRI site 
in the insert was deduced from an appropriate EcoRI restriction map of 
the pUC derived plasmid from which the orientation of the parasite DNA 
could be established. 
The second stage of the reconstruction, to linearise the marker 
plasmid pHSV-106 by restriction enzymes SphI and SalI (to provide an 
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insertion site for the Fas~iola hepati~a DNA from pUC19), was not 
straightforward because restriction sites were found that could not be 
accounted for on the basis of the published map of this plasmid (McKnight 
and Croce 1980). Efforts were made to obtain samples of pHSV-106 from 
other sources (John Curtin School of Medical Research and Bethesda 
Research Laboratories) which lacked these sites. However, all samples 
gave the same pattern of supernumerary fragments when digested with 
various restriction enzymes (Figure 3.5). Despite these problems, 
pFH/TK was constructed successfully by using the SphI and Sall sites for 
insertion and by electroeluting the main section of pHSV-106 from the 
gel before inserting the Fas~iola hepati~a fragments into it. 
T~ansfoPmation of Mouse Ltk- Cells with pFH/TK 
Why no transfonnants resulted from the exposure of Ltk- to pFH/TK 
is not known. However, it may have been because the new plasmid was too 
large, 9449 bp as opposed to 7760 bp. The transformation of E. ~oli 
with plasmids is more difficult as plasmids increase in size (Harris 
1983) and this may also be the case when eukaryotic cells are transfonned 
with plasmids. 
Because of the difficulties encountered in obtaining trans-
formants using the plasmid pFH/TK and the failure to achieve sustained 
expression of parasite antigens using Ltk- cells and the co-transformation 
procedure with pHSV-106 and pFHl or pFH4, it was decided to attempt a 
different approach to the problem. A marker plasmid, referred to as a 
shuttle vector (Kushner, Levinson and Goodman 1982), which does not 
become integrated into the genome of the host cells and which can occur 
in very high copy numbers as an independently replicating extrachromo-
somal element was used. Investigation as to whether this type of 
... 
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Figure 3.5 Agarose electrophoresis of pHSV-106 obtained from differing 
sources, digested with Barn Hl and Aval. 
Lane 1 - pHSV-106 from Research School of Biological Science 
Lane 2 - pHSV-106 from John Curtin School of Medical 
Research 
Lane 3 - pHSV-106 from the commercial company (BRL) 
The plasmids from these three sources all contained the 
supernumerary bands (marked by the arrows). 
Lane 4 - Size markers in Kb. 
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plasmid could achieve the objective of this study - sustained expres sion 
of liver fluke antigens in a eukaryotic cell line - are described i n 
Chapter 4. 
• 
CHAPTER 4 
CO-TRANSFORMATION OF C127 MOUSE CELLS WITH A SHUTTLE 
VECTOR AND FASCIOLA HEPATICA cDNA 
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4.1 INTRODUCTION 
In the system of co-transformation described in Chapter 3 the 
transforming genes are believed to become integrated into the host 
genome (Hanahan et al. 1980). In contrast, there is a group of 
plasmid vectors that replicate as extrachromosomal elements. These 
carry DNA derived from bovine papilloma virus (BPV) and they offer a 
new dimension for studying the expression of "foreign" DNA in 
mammalian tissue culture cells. 
Bovine papilloma virus DNA was thought to have potential use 
as a vector for introducing "foreign" DNA into eukaryotic cells for a 
number of reasons. Firstly, both the total BPV genome and a 69% 
subgenomic fragment of BPV DNA inserted into pBR322 and cloned into 
E. ~oli are efficient at transforming susceptible mouse cells 
(Howley, Law, Heilman, Engel, Alonso, Lancaster, Israel and Lowy 
1980). Secondly, plasmids containing BPV DNA replicate exclusively in 
mouse cells as multiple copies of unintegrated extrachromosomal 
molecules (Law, Lowy, Dvorestsky and Howley 1981), thus offering a 
means of amplifying II forei gn 11 DNA sequences inserted into the BPV-
t ransformi ng segments. Thirdly, when BPV DNA is inserted into 
plasmids, vectors can be derived which more readily replicate in bot h 
mammalian cells and E. ~oli (Kushner et al. 1982). These 
vectors have been constructed with DNA markers and are especially 
useful because they can be positively selected for in either host. 
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One of the first BPV plasmids to be developed was pBPV69-rl 
(Sarver et al. 1981). This plasmid contained the 69% transforming 
fragment of the BPV genome linked to pBR322 and a rat pro-insulin gene. 
Cells transformed with it produced rat pro-insulin which was secreted 
into the culture medium. Insulin, normally produced in the a cells of 
the pancreas, is first synthesised as pre-pro-insulin, and thus the 
presence of pro-insulin in the BPV69T-rl-transformed cells indicated 
that at least one of the post-translational processing steps had taken 
place. That mammalian cells can correctly process translation products 
of introduced eukaryotic DNA is considered to be one of the key 
advantages of using mammalian cells as hosts for the faithful 
expression of 11 foreign 11 , eukaryotic DNA. 
One problem with BPV-derived shuttle vectors became apparent 
1n early work. When BPV-1 DNA was inserted into the pBR322 and used 
for transformation of eukaryotic cells there was a reduction of 
efficiency to approximately 1% that of full length linear BPV-1 DNA 
(Sarver et al. 1982). This was thought to be due to the presence of 
"poison" sequences in pBR322 which are known to prevent the replication 
of simian virus 40(SV40)-DNA-pBR322 hybrids in monkey cells (Lusky and 
Botchan 1981). A deletion plasmid pML2, which is a derivative of 
pBR322 without the 11 poison 11 sequences, was then developed into which 
BPV-1 DNA was inserted; as a result transformation efficiency was 
restored to levels obtained when linear BPV-1 DNA was used to transform 
mouse cells (Sarver et al. 1982). 
A further modification of the BPV-DNA plasmids involved the 
insertion of transposon 5 (Tn5) into the vector. This transposon 
carries the gene for neomycin resistance and has been engineered in 
such a way as to confer neomycin resistance upon transformed bacteria 
or G418 (the antibiotic geneticin) resistance on mammalian cells 
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(Matthias, Bernard, Scott, Brady, Hashimoto-Gotch and Schutz 1983). 
Before the incorporation of Tn5 into the vector, identification of 
transformed mouse cells relied on the identification of foci of 
morphologically transfonned cells 11 piled-up 11 against a background of 
contact-inhibited cells. 
The BPV DNA vector used for the present project (Figure 4.1) 
combines a number of the advantages just discussed. It was developed 
by Law, Byrne and Howley (1983), designated pdBPV-MMTneo(342-12) and 
consists of 3 parts: a complete BPV-1 genome, pML2d, the deletion 
derivative of pBR322 which lacks the 11 poison 11 sequences of pBR322, and 
a transcription cassette which contains a mouse metallothionein 1 
promoter, the neo gene of Tn5 and the SV40 early-region transcriptional 
processing signals. This plasmid can transfonn both E.coli and C127 
mouse cells, and the bacterial gene neo from Tn5 confers resistance to 
neomycin/kanamycin antibiotics in bacteria and to G418 in mammalian 
cells. Hybridisation analyses of transformed C127 mouse cells showed 
that the plasmid replicated in the cells as an extrachromosomal episome 
and about 20-100 copies were present in each cell (Law et al. 1983). 
This chapter describes experiments in which C127 mouse cells 
were co-transfonned with pdBPV-MMTneo(342-12) as the marker plasmid and 
either pFHl or pFH4, the recombinant plasmids carrying Pasciola hepatica 
cDNA whose expression was sought. These experiments were conducted with 
a view to improving the transformation efficiencies obtained with Ltk-
cells described in the previous chapter and increasing the stability of 
expression of parasite DNA in the mouse cells. The results have been 
published recently (Beardsel 1 and Howel 1 1987a; Beardsel 1 and Howel 1 
1987b). 
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EcoR1 
BamH1 
pdBPV-MMTneo(342-12) 
Hind111 
Hpa1 
Figure 4.1 Plasmid pdBPV-MMTneo(342-12) 
Metel l othi onei n promoter 
Gene for neomycin resistance 
Si mi an virus 40 promoter 
PML2 "Poi son-1 ess" sequences of 
the plasmid pBR322 
BPV-1 Total bovine papi 11 ome virus 
genome 
4.2 MATERIALS AND METHODS 
Plasr,r,~d DNA 
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The plasmids pFHl and pFH4 are described in Appendix 1. pdBPV-
MMTneo(342-12) was obtained from the American Type Culture Collection 
and was maintained in E. coli k strain DHl (Section 2.3, 2.4). 
EukaPyotic Cells 
The Cl27 mouse cell line, derived from a mouse mammary tumour, 
was obtained from the American Type Culture Collection and maintained 
in Dulbecco's Modification of Eagles' Medium (DMEM) containing 
penicillin and streptomycin and supplemented with foetal bovine serum 
(Section 2.9). 
Co-tPansforrmation of Cells and Seleetion of TPansfo"f'mants 
Co-transformation of C127 mouse cells with the plasmids pdBPV-
MMTneo(342-12) and either pFHl or pFH4 was performed as described in 
Section 2.10. Transformants were selected by exposing treated cells to 
medium containing G418 (Geneticin, Sigma) (Section 2.11). 24-48 h 
after co-transformation the cells were lifted with trypsin (0.1%) in 
versene (Section 2.9) and about half were dispersed into 20 large (75 
cm2) culture flasks and grown at 37°C. The remaining cells were 
discarded. 
Selection of TPansfor7mants ExpPessing Fasciola hepatica DNA 
Cells which had been transformed with the marker plasmid were 
grown to confluence in 75 cm2 flasks and tested for the expression of 
Fasciola hepatica antigenic polypeptides by the use of an indirect 
fluorescent antibody test (FAB) which was evaluated in a fluorescent 
activated cell sorter (FACS) (Section 2.12). The appropriate dilution 
of first antibody (serum from F. hepatica-infected sheep, see 
Section 2.13) for use ,n the FAB test was established by a series of 
trials using concentrations ranging from 1/8-1/32 in PBS. It was 
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also suspected that the degree of fluorescence of cells could vary 
according to time after subculture. This question was examined more 
rigorously by FAB tests at specific times after subculture. Cells were 
lifted with trypsin, counted and dispersed into small (25 cm2) flasks at 
100,000 cells/flask. At various intervals after subculture the cells 
were lifted again, subjected to FAB tests and the fluorescence measured 
in a FACS. 
Dilution Cloning 
Co-transformed cell populations expressing Fas~ioZa hepatiaa 
antigens were subjected to dilution cloning (Section 2.14) in order to 
derive cell lines originating from a single cell. 
Hyb~disation Analyses 
DNA from both parental C127 mouse cells and C127 cells co-
transfonned with pdBPV-MMTneo(342-12) and pFH4 were subjected to DNA 
hybridisation analyses by both dot blotting and Southern blotting 
(Section 2.8). 
Hybridisation analyses were also made of low MW DNA obtained 
from co-transfonned cells extracted by the method of Hirt (1967). 
Hi~t Ext~aation 
Four to five large culture flasks of cells were washed twice 
in PBS, resuspended in 2 ml 0.6% SOS, 0.01 M EDTA, then left at room 
temperature for 30 min after which the viscous fluid was transferred to 
a 30 ml corex tube. 5 M NaCl was added to give a final concentration 
of 1 Mand the samples were gently inverted 10 times and incubated 
overnight at 4°C. These samples were centrifuged at 4000 g for 60 min 
at 4°C; the supernatant was decanted and mixed with CsCl 1 g/ml and 
0.005% ethidium bromide, loaded into quickseal tubes (Beckman) and 
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centrifuged at 200,000 g for 48 h. The DNA was then extracted in the 
same way as plasmid DNA from bacteria after centrifugation over CsCl 
(Section 2.4). 
P~otein Analyses 
The proteins of both parental C127 mouse cells and co-
transfonned C127 cells were examined on 10-15% gradient and 10% non-
gradient sodium dodecylsulphate polyacrylamide gels (SOS-PAGE) (Section 
2.15) and parasite antigens were identified by Western blotting 
techniques (Section 2.15) using sheep and rabbit sera as described in 
Section 2.13. The method for preparing cells for Western blotting 
found to be most successful was to lift a fresh flask of cells (106 
cells) with trypsin, wash in PBS by centrifugation and resuspend in 
about 200 µl PBS. The cells were then sonicated (Section 2.15), 
centrifuged for 10 min in a microfuge to remove membranous material and 
the supernatant loaded onto the gel. To examine culture supernatant 
the medium from a flask in which cells had monolayered 3 days 
previously was removed and replaced by serum-free medium. 24 h later 
this medium was concentrated 20 times in 30% polyethyleneglycol in PBS 
and examined by Western blotting for the presence of F. hepati~a 
antigens that the cells may have secreted. 
4.3 RESULTS 
C127 mouse cells were co-transformed with a "shuttle" vector 
containing BPV DNA on pdBPV-MMTneo(342-12) and one of two plasmids, 
pFHl or pFH4, which contain Fas~iola hepati~a cDNA. Stable 
expression of antigenic polypeptides coded for by F. hepati~ cDNA 
was obtained in the co-transfonned C127 cells. 
TPansfo"f'11l:1.tion Rate 
The results obtained in relation to transfonning C127 mouse 
cells with pdBPV-MMTneo(342-12) are shown in Table 4.1. From this 
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Table 4.1 C127 cells transfonned with a marker plasmid carrying the 
bovine papilloma virus genome in association with a plasmid 
carrying F. hepati~a cDNA: colonies obtained at different 
levels of marker plasmid concentration. 
~g pdBPV-MMTneo DNA/3 x 106 Cells 
50 
20 
20 
Colonies/Flask 
119 
120 
862 
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table it can be calculated that the average number of colonies that 
developed from the exposure of a single flask of cells (3 x 106 cells) 
to 1 µg marker plasmid DNA was 12. The transformation efficiency of 
the bovine papilloma DNA was derived from the calculation by Sarver 
et al. (1982) in which size is in kilobases. 
No. of Transformants 
ug pdBPV-MMTneo(342-12) DNA 
DNA 
2300 transformants 
110 ug plasmid DNA 
X 
X 
Size of entire plasmid 
Size of BPV insert 
14.7 Kb 
7.9 Kb 
This gives the number of transformed colonies/µg BPV DNA as 39. 
The colonies were detected between 10 and 14 days after transformation 
and were subcultured into 75 cm2 flasks after 21 days. 
Identification of Co-tPansforrmed Cells Exp~essing Fasciola hepatica 
Antigens 
Co-transformed cells which survived in G418 medium were 
subjected to FAB tests in order to identify those cells which were 
expressing F. hepatica antigenic polypeptides. Results of the FAB 
tests were assessed on a fluorescence activated cell sorter (FACS). 
TitPating the Cells 
The results of tests made on a FACS are presented as a graph 
in which the number of cells counted on they axis is plotted against 
the fluorescence (arbitrary units) on the x axis. The cells were tested 
with (i) serum from sheep which had a natural infection of F. hepatica 
and (ii) normal sheep serum (Section 2.13). The most appropriate way 
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to present the results is to specify the difference between the mean 
fluorescence of cells treated with infected serum and that of normal 
serum used at the same dilution. 
The result of testing the cells u~1ng a series of different 
dilutions of first antibody are shown in Figure 4.2. From the tests 
using sera at concentrations of 1/8, 1/16 and 1/32 in PBS it was found 
that the greatest difference between infected and normal sera was 
obtained at a dilution of 1/16. Thereafter, FAB tests were performed 
using first antibody or normal serum at that dilution. 
Cell Cyale 
It was found that the degree of fluorescence of cell 
populations following FAB tests varied, depending on the time after 
subculture that they were examined. Thus, it was essential to 
standardize procedures and define the optimum time for measuring 
expression of F. hepatiaa antigens by the cells. The results of 
experiments to determine this are shown in Figures 4.3 and 4.4. 
Maximum fluorescence was obtained when cells were distributed into 
small (25 cm2) flasks at 100,000 cells/flask and cultured for 72 h. 
Expression of the F. hepatia antigenic polypeptides did not commence 
until the cells entered the exponential growth phase, after about 60 h 
in culture; it reached a peak at about 72 h after subculture when the 
cells were 50% confluent. Expression fell rapidly as the cells became 
fully confluent. Thus for evaluating levels of expression by FACS, 
cell populations were always assayed 72 h after subculture at the above 
density. Initially, more cells fluoresced with NS than ISS (see Fi gure 
4.4) which may be an artifact due to the cells having only recently 
been disturbed. 
A typical result of a FACS analysis is shown in Figure 4.5. 
Cells were removed from liquid nitrogen and grown to confluence. They 
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FLUORESCENCE 
Figure 4.2 FACS comparison of fluorescence oc C127 mouse cells co-
transfonned with plasmids pFH4 and pdBPVMMTneo(342-12) 
treated with infected sheep serum (ISS) and those treated 
with nonnal sheep serum (NSS) at various dilutions, followed 
by FITC-labelled rabbit-anti-sheep Ig. B gave the most 
marked difference between normal and infected sera and was 
used in all further tests. 
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Figure 4.3 Graph showing time course 
of cell growth of C127mouse cells. Cells 
i. 
distributed at 100,000/25 cm flask entered 
their exponential growth phase after 60 hours 
in culture. 
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Figure 4.4 Graph showing the difference between the mean 
number of cells fluorescing when incubated in infected 
or normal sheep sera at progressively higher areas of 
cell cover in the flasks(expressed as a o/o of the total 
number of cells). 
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FLUORESCENCE (arbitrary units) 
Figure 4.5 FACS comparison of fluorescence between C127 mouse cells co-
transfonned with plasmids pFH4 and pdBPVMMTneo(342-12) and 
treated with infected (ISS) or colostrum-deprived nonnal 
sheep serum (NSS) followed by FITC-labelled rabbit-anti-
sheep Ig. 
Cells were dispersed at 100,000 cells/25 cm2 flask and 
cultured for 72 h before testing. The difference between 
the mean fluorescence of cells treated with ISS and NSS is 
3.25 arbitrary units. These cells are clearly positive. 
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were then lifted with trypsin, counted and dispersed at 100,000 cells/ 
25 cm2 flask, cultured for 72 hand tested with a FAB test using 
infected and nonnal sheep sert.nn and evaluated on a FACS. The mean 
fluorescence of cells treated with infected sheep serum was 4.5 
arbitrary units and with nonnal serum 1.25 units. Clearly the cells 
were expressing P. hepati~a antigenic polypeptides. Figure 4.6 
shows a sample of co-transfonned cells which had been treated exactly 
as in Figure 4.5; however, the difference in the mean fluorescence of 
cells treated with infected and nonnal serum was very slight (1.25 
arbitrary units). This population of cells had ceased to express 
F. heapti<!a antigenic polypeptides. 
Dilution Cloning 
Flasks of cells which had been co-transformed with pdBPV-
MMTneo(342-12) and either pFHl or pFH4 and which had become confluent 
from a pool of different colonies were subjected to two rounds of 
dilution cloning by passage from single cells to confluence twice over 
a period of three months. Several cell lines containing pFHl and 
several containing pFH4 (the plasmids used in co-transfonnation 
experiments and which carry P. hepati~a cDNA sequences) were established 
and these were in turn tested with indirect fluorescent antibody tests 
and evaluated by FACS to confirm that F. hepati~a antigenic polypep-
tides continued to be expressed. The most strongly positive of these 
lines contained pFH4; it was designated FH455 and was used in all 
further experiments. 
4.4 HYBRIDISATION ANALYSES 
Dot Blots 
C127 and FH455 cells were dotted onto nitrocellulose and 
probed with a nick-translated F. hepati~a cDNA probe - the smaller 
Pst 1 fragment of pFH4 (Figure 4.7). Strongest hybridisation occurred 
between the probe and DNA extracted from FH455 cells. As assessed by 
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FLUORESCENCE (arbitrary units] 
Figure 4.6 FACS comparison of fluorescence between C127 mouse cells co-
transformed with plasmids pFH4 and · pdBPVMMTneo(342-12) and 
treated with infected (ISS) or colostrum-deprived normal 
sheep serum (NSS) followed by FITC-labelled rabbit-anti-
sheep Ig. 
Cells were treated exactly as per Figure 4.5. The difference 
between the mean fluorescence cells treated with ISS and NSS 
is 1.25 arbitrary units. This population of cells are not 
strongly expressing P. hepati~a antigenic polypeptides. 
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Figure 4.7 Autoradiograph of dot blots of parental and co-transformed 
cells probed with a nick-translated 32P-labelled F. hepatica 
cDNA probe - from the smaller Pst 1 fragment of pFH4, 
indicating that the co-transformed cells contain parasite 
cDNA while the parental cells do not. 
Lanes 1 and 2 - C127 mouse cells showing slight background 
binding 
Lanes 3 and 4 - C127 mouse cells co-transformed with pdBPV-
MMTneo(342-12) and pFH4 showing binding with 
the equivalent of about 200 pg F. hepatic 
cDNA in 5 x 105 cells 
Lanes 5 and 6 - 32P-labelled F. hepatica cDNA probe 
Lane 7 - pg of labelled probe applied to nitrocellulose. 
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the amount of hybridisation to pFH4 DNA (the plasmid used for co-
transformation), there was about 200 pg of hybridised DNA in 5 x 105 
cells FH455. A small amount of background hybridisation to the control 
C127 cells was evident. However the signal to background ratio was 
sufficiently high in FH455 cells for the presence of pFH4 DNA in them to 
be unequivocal. Mouse Ltk-cells and those which had been co-transformed 
(G-ho... r r~V" 3) 
with pHSV-106 and pFH4Awere treated in the same way and hybridisation 
between the probe and the co-transformed cells was detected. These 
cells had initially expressed F. hepatiaa antigenic polypeptides but 
this ceased after a few weeks in culture. The dot-blots on the Ltk+ 
cells were performed after the cells had ceased to express F. hepatiaa 
antigenic polypeptides. 
SouthePn Blotting 
Figures 4.8 and 4.9 depict the results of Southern blotting 
experiments which were performed on DNA derived from C127 and FH455 
cells using F. hepatiaa genomic DNA and the smaller Pst 1 fragment 
of pFH4 which is a F. hepatiaa cDNA antigen coding sequence. Figure 4.8 
shows that the F. hepatiaa genomic probe bound strongly to F. hepatiaa 
genomic DNA (positive control) and to DNA derived from the FH455 cells, 
but not to DNA derived from C127 cells. This confirms the presence of 
F. hepatiaa DNA in FH455 cells. The conclusion is further strengthened 
by the observation that DNA from FH455 cells hybridised to the Pst 1 
F. hepatiaa cDNA fragment from pFH4 but DNA from C127 cells did not 
(Figure 4.9). 
Hirrt ExtPacted DNA 
Southern blotting experiments were also carried out on non-
genomic, low molecular weight DNA which had been extracted from C127 and 
FH455 cells. The DNA from each source was probed with DNA from pdBPV-
MMTneo(342-12) and with the nick-translated Pst 1 fragment of pFH4 
containing F. hepatiaa cDNA sequences. The results shown in 
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Figure 4.8 Autoradiograph of Southern blot of genomic DNA from parental 
and co-transformed Cl27 mouse cells probed with a 32p_ 
labelled nick-translated F. hepatica genomic DNA probe. 
Lane 1 - Positive control of F. hepatica genomic DNA 
Lane 2 - Parental Cl27 mouse cells (negative) 
Lane 3 - Cl27 mouse cells co-transfonned with pFH4 and pdBPV-
MMTneo(342-12) (positive). 
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Figure 4.9 Autoradiograph of a Southern blot of genomic DNA from 
parental and co-transformed Cl27 mouse cells probed with a 
32r-labelled nick-translated probe of the PstI fragment of 
pFH4. 
Lane 1 - Parental Cl27 mouse cells (negative) 
Lane 2 - Cl27 mouse cells co-transformed with pFH4 and 
pdBPV-MMTneo(342-12) (positive). 
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Figure 4.10 indicate that there was (i) hybridisation between the BPV 
DNA probe and both genomic DNA and Hirt-extracted DNA of FH455 cells; 
(ii) hybridisation between the pFH4 DNA probe and genomic DNA of FH455 
cells but not between pFH4 and the Hirt-extracted DNA. These results 
indicate that the plasmid pdBPV-MMTneo(342-12) replicates extrachromo-
somally and the plasmid pFH4 becomes integrated into the genome of FH455 
cells. 
4.5 PROTEIN ANALYSES 
SDS-PAGE 
When proteins extracted from both Cl27 and FH455 cells were 
examined by SOS-PAGE and stained with Coomassie blue it was not possible 
to distinguish differences between the protein profiles of the co-
transformed and parental cells on either a 10-15% gradient gel or a 10% 
non-gradient gel (Figure 4.11). 
Weste~n Blotting 
Western blots were carried out on extracts of C127 and FH455 
cells. F. hepati()a antigenic polypeptides were detected in extracts 
of FH455 cells using either serum from sheep infected with F. hepati~a 
or from a rabbit vaccinated with F. hepati~a antigens. These sera 
are described in Section 2.13. Several antigenic bands were detected 
which varied in molecular weight. The sharpest bands occurred at a MW 
of between 80,000-90,000 daltons and there was usually a very low 
molecular weight band at about 14,000 daltons. The high molecular 
weight band occurred sometimes as a doublet and sometimes as a single 
band. On some blots numerous bands were detected. Examples of the 
variety of bands can be seen in Figure 4.12. The infected sheep sera 
and vaccinated rabbit sera each recognised antigenic polypeptides but of 
different MW's (Figure 4.13). The antigenic polypeptides did not react 
with normal sheep or rabbit sera and could not be detected in C127 mouse 
cells with any sera. 
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Figure 4.10 Autoradiograph of a Southern blot of Hirt-extracted DNA from 
Cl27 mouse cells and FH455 mouse cells probed with 32p_ 
labelled nick-translated BPV DNA and pFH4. 
Lane 1 - Genomic DNA from FH455 mouse cells probed with BPV 
DNA 
Lane 2 - Hirt-extracted DNA from FH455 mouse cells probed 
with BPV DNA 
Lane 3 - Genomic DNA from FH455 mouse cells probed with pFH4 
Lane 4 - Hirt-extracted DNA from FH455 mouse cells probed 
with pFH4. 
Figure 4.11 
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1 2 3 4 
SOS polyacrylamide gel (10%) showing proteins from FH455 
mouse cells and C127 mouse cells. 
Lane 1 - Low molecular weight markers are shown in kilo-
daltons (Phosphorylase B 92.5 bovine serum 
albumin 66.2, ovalbumin 45, carbonic anhydrase 
31, soybean trypsin inhibitor 21.5, ribonuclease 
14. 
Lane 2 - High molecular weight markers (myosin 200, S 
galactosidase 116.25, phosphorylase B 92.5, bovine 
serum albumin 66.2, ovalbumin 45). 
Lane 3 - FH455 mouse cells 
Lane 4 - C127 mouse cells 
Figure 4.12 
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Western blot showing FH455 cell extracts probed with F. 
hepatica-infected sheep serum or normal sheep serum 
followed by rabbit-anti-sheep IgG horseradish peroxidase. 
Lane 1 - F. hepatica-infected sheep serum 
Lane 2 - Normal sheep serum 
Molecular weight markers shown ,n kilodaltons. 
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Figure 4.13 Western blot of cell lysates of FH455 mouse cells probed 
with either F. hepatica-infected sheep serum, normal 
sheep serum, rabbit serum containing F. hepatica antibodies 
or normal rabbit serum followed by rabbit-anti-sheep and 
sheep-anti-rabbit IgG horseradish peroxidase respectively. 
Lanes 1 and 2 - FH455 cell lysate probed with infected sheep 
serum 
Lanes 3 and 4 - FH455 cell lysate probed with normal sheep 
serum 
Lanes 5 and 6 - FH455 cell lysate probed with rabbit serum 
containing F. hepatica antibodies 
Lanes 7 and 8 - FH455 cell lysate probed with normal rabbit 
serum 
Molecular weight markers shown 1n kilodaltons. 
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The antigenic material expressed by FH455 cells was very labile. 
It was found necessary to prepare extracts of fresh cells before each 
experiment as antigenicity was lost if the extracts were frozen and 
thawed or stored at 4°C overnight. The antigens were present in the 
cell supernatant and could not be detected when the membrane fraction 
was solubilised by boiling in SOS. The medium in which the cells had 
been growing was also analysed by SOS-PAGE and Western blotting, but no 
antigenic material was detected in it. 
Stability of Exp~ession 
FH455 cells continued to express F. hepati~a antigenic poly-
peptides after continuous culture for 12 months. Expression was also 
detectable in cells grown up after storage in liquid nitrogen for 1-6 
months. 
4.6 DISCUSSION 
Cl27 mouse cells have been co-transformed with plasmid pdBPV-
MMTneo(342-12) and with pFHl or pFH4 carrying P. hepati~a cDNA 
coding for antigenic polypeptides of the parasite. The transformation 
efficiency was much improved over the previous system using Ltk- cells 
and pHSV-106 as the marker plasmid. Moreover, the co-transfonned Cl2l 
cells expressed P. hepati~ antigenic polypeptides over a period of 
more than 12 months. These kinds of experiments have not previously 
been attempted with helminth parasite DNA. However, in a single study 
of the protozoan parasite Flasmodium fal~ipay,um (Pollack et al. 1985), 
a genomic library of the parasite was constructed in the plasmid pBR211, 
and DNA from this library was used to transform Ltk-arpt- mouse cells to 
the arpt+ phenotype; the arpt+ was clearly of parasite origin. 
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Selective Medium 
Selection for the transformation of C127 mouse cells relies on 
survival of cells in the presence of the aminoglycoside antibiotic G418. 
G418 interferes with the function of 80S ribosomes and blocks protein 
synthesis in eukaryotic cells (Davies and Jiminez 1980); untransforn,ed 
cells are killed while cells transformed with pdBPV-MMTneo(342-12) 
survive. The transformed cells were seeded at a low (1/20) cell density 
48 h after exposure to plasmid DNA, because G418 is most effective 
against rapidly growing cells. In practical terms this meant discarding 
half the cells so that the number of flasks retained was manageable. By 
adopting this method for handling the clones it was possible to maximise 
the number of transformed colonies per flask, so that after dilution 
cloning there were cell lines originating from a greater variety of 
independently transformed cells. 
Traansfo1"111ation F~equency 
The transformation frequency obtained with the marker plasmid 
pdBPV-MMTneo(342-12) in Cl27 mouse cells was much higher (100 fold) than 
that of pHSV-106 in Ltk- mouse cells (Chapter 3). The higher trans-
formation rate meant that the probability of obtaining colonies which 
carried and expressed F. hepatica cDNA was increased. The transformation 
rate obtained compared favour.ably with the results obtained by Law et al. 
(1983): 39 colonies/µg BPV DNA were obtained in the present study as 
against 55 colonies/µg BPV DNA. 
The fact that more colonies were obtained with the marker 
plasmid pdBPV-MMTneo(342-12) than with the pHSV-106 was probably due to 
the fact that the plasmid containing BPV DNA replicates in the cell as 
extrachromosomal multiple copies (Law et al. 1981), whereas pHSV-106 
becomes integrated into the genome (McKnight and Croce 1980). If the 
transforming DNA becomes integrated into the genome there is apparently 
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a greater likelihood of rearrangement of the fragment with consequent 
loss of its transformation capacity (Law et al. 1981). 
Fluo~es~ent-A~tivated Cell So~te~ 
The FACS system analyses and separates on the basis of 
fluorescence and size. This is accomplished by the introduction of 
cells to the centre of a liquid stream causing them to pass in single 
file through the beam of a high-power laser. Each cell is characterised 
by the amplitude of signals corresponding to the intensity of the light 
scattered by the cell and by the intensity of fluorescence emitted while 
it is in the laser beam. The signals are processed by the instrument 
and are analysed so that a cell of interest can be separated from other 
cells and directed into an appropriate container. Separation is achieved 
by passing the liquid through a small nozzle that is ultrasonically 
vibrated, causing the stream to break up into regularly spaced uniform 
droplets. The droplet containing the cell of interest is electrically 
charged and deflected as it passes through an electric field, thereby 
passing into a suitably-placed separate container (Herzenberg, Sweet and 
Herzenberg 1976). 
By the nature of the methods used in FACS analysis (Fluorescent 
Antibody Tests) and by confirming the tests in non-fixed cells, the 
fluorescence measured is almost certainly confined to the cell surface. 
Although it was later found by Western blotting that F. hepati~a antigenic 
polypeptides produced by the cells were confined to the interior of the 
cell and not membrane-bound, it is probable that testing with the FACS 
was sufficiently sensitive (sensitive to 6000 molecules fluorescence) to 
be able to measure a very small amount of fluorescence which appears on 
the outside of the cells but which is beyond the resolving power of 
Western blotting using the sera available. 
88 
Because FACS is capable of detecting weak signals it was found 
essential to use normal serum from lambs which had not only been raised 
wonn free (Section 2.13) but which were also colostrum-deprived (ie. had 
not suckled from their mothers). Only in this way could normal serum be 
obtained that could be guaranteed to be free from maternal antibodies 
to F. hepatiaa and which gave consistently negative readings against 
which to judge the fluorescence of cells being tested. In earlier 
experiments described in this thesis, sheep serum from control sheep 1n 
a field experiment had been used as the normal serum (Section 2.13) and 
it was found unsatisfactory for use in FACS analysis, presumably because 
it contained low levels of antibody to F. hepatiaa or antibodies to 
other helminth parasites with some degree of cross reactivity to 
F. hepatiaa. 
As demonstrated from the FACS results of testing cells at 
various times after subculturing, it was also necessary to standardise 
the cell density at which the FAS tests were performed in order to 
identify those populations of cells producing F. hepatiaa antigenic 
polypeptides. 
If the standard procedures established in these experiments 
were adhered to, evaluation of the FAB tests by FACS was a quick and 
quantitative measure of the production of F. hepatiaa antigenic 
polypeptides, clearly more sensitive than subjective evaluation by light 
microscopy. The FACS could also be used to separate cell populations 
under sterile conditions so that the cells could be returned to culture. 
However, this procedure, although achieved successfully on one occasion, 
was not followed routinely. 
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Dilution ctoning 
Dilution cloning was necessary because the transformed colonies 
were grown in tissue culture flasks rather than petri-dishes and the 
colonies were not picked separately in the first three weeks after 
transformation but allowed to grow to confluence in the flask. Each 
flask therefore contained a mixed population of cells, some of which may 
have contained Cl27 cells which had been transformed with both pdBPV-
MMTneo(342-12) and either pFHl or pFH4 and some Cl27 cells which had 
been transformed with pdBPV-MMTneo(342-12) only. This was in contrast to 
the method used by Southern and Berg (1982) in which the clones were 
trypsinised in cloning cylinders 14-20 days after co-transformation. 
Dilution cloning proved to be very time consuming as the small colonies 
of cells grew very slowly and were extremely sensitive to changes in the 
medium such as trace amounts of trypsin remaining after lifting the 
cells. To protect against trypsin damage the medium was replaced as 
soon as the cells settled on the bottom of the tray (4 h). Two rounds 
of dilution cloning were carried out for each cell line to increase the 
probability that the lines originated from a single cell. It may have 
been possible to speed up the growth of the clones of cells by using 
medium conditioned by populations of rapidly growing cells or by the 
~~ 
addition of feeder cells as is used in the production of hybridomas (de 
St Groth and Scheidegger 1980). The slow growth of colonies was also 
noted by Southern and Berg ( 1982) who found it neces,s.ary to grow the 
colonies in non-selective medium for an initial period of 2-3 days 
following co-transformation. 
Dot Blots 
The procedure of dot blotting was used in these experiments as 
a quick and qualitative means of demonstrating that F. hepatiaa cDNA 
was present in the transformed cell lines. It obviated the necessity to 
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extract the genomic DNA from the parental C127 and the transfonned FH455 
cells and was used as a preliminary test before performing Southern 
blots on various cell lines. 
SouthePn Blotting 
Southern blots on C127 and FH455 cells were perfonned to show 
that parasite DNA had been incorporated into the co-transfonned cells -
an indication that the FH455 had indeed taken up not only the plasmid 
pdBPV-MTTneo(342-12) but also the plasmid containing F. hepati~a cDNA, 
pFH4. The demonstration of the replication of pdBPV-MMTneo(342-12) as 
an extrachromosomal episome by using Hirt-extracted DNA confinned the 
results of Law et al. (1983) who constructed this plasmid and used 
it to transform C127 mouse cells. 
Using hybridisation analyses it was possible to probe DNA from 
cell populations which FAB tests indicated had become negative. The 
Ltk+ cells (Chapter 3) were such cases where expression had ceased yet 
hybridisation occurred between the probe DNA and the cell DNA; thus 
the F. hepati~a DNA in these cells was not transcribed rather than 
deleted. With this information it may be possible to analyse further 
the reasons for the cessation of expression of F. hepati~a antigenic 
polypeptides in L cells co-transfonned with pHSV-106 and pFH4. 
PPoteins 
Because the complexity of the mouse cell proteins was such that 
no specific parasite protein could be detected in the FH455 cells when 
the proteins were subjected to SOS-PAGE and stained with Coomassie b1ue, 
it was necessary to use Western blots to identify F. hepati~ antigenic 
polypeptides. Those which were produced by FH455 cells were labile (only 
detectable in freshly prepared cells), were found only inside the cell, 
and varied in size and number. This variation may have been due to 
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differences in times after subculturing at which the cells were tested. 
If this were the case it supports the evidence obtained using FACS that 
it is necessary to test the cells at a particular cell density in the 
flasks in order to achieve consistent results. The lack of F. hepatiaa 
antigenic polypeptides in the medium in which cells had been growing 
suggests that the expressed F. hepatiaa antigens are not secreted by 
the cells. However, further experiments are needed before this can be 
discounted. One problem with the present experiments was that the 
medium was first examined after the cells had been confluent for 3 days 
and foetal calf serum was present. Following twenty-fold concentration 
of the media the concentration of serum proteins was exceptionally high 
and this may have obscured the possibly rarer secreted products. 
Stability 
Co-transfonnation of C127 cells with pdBPV-MMTneo(342-12) and 
either pFHl or pFH4 proved to be very successful both in substantially 
increasing the numbers of colonies produced and in the stability of the 
expression of F. hepatiaa antigenic polypeptides. The cell line FH455 
continued to express F. hepatiaa antigens during at least 12 months 
of continuous culture and also after storage in liquid nitrogen. 
The relatively long-tenn stability of the expression of F. hepatiaa 
antigenic polypeptides was interesting when compared with the instability 
of the expression in mouse L cells co-transformed with pHSV-106 and pFHl 
or pFH4 (Chapter 3). This instability is echoed by results obtained when 
mouse 3T3 cells were co-transformed with total human genomic DNA and a 
plasmid carrying the neo gene and screened for the expression of a 
number of human enzymes (Martinuik, Pellicer, Mehler and Hirschhorn 
1986). In this case, the cells showed a gradual decline in expression 
of human enzymes until expression ceased after 6-8 weeks. Hybridisation 
analyses also showed the gradual loss of human DNA. It therefore 
appears that loss of expression can result from inactivation of the 
genes as seen with Ltk+ cells in Chapter 3 or loss of the DNA as 
described by Martenuik et al. (1986). 
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The co-transformation system using plasmids containing bovine 
papilloma virus DNA, although much more satisfactory than the use of 
pHSV-106 as a marker, had a number of short-comings. There was a) no 
known way of selecting for expression of the F. hepat·ie!a cDNA and b) 
there was no way of enhancing the expression of the Fasciola 
antigenic polypeptides. Therefore, in order to overcome these problems 
and to exploit some desirable features of the plasmid pdBPV-MMTneo(342-
12), namely its extrachromosomal replication and its inducible 
metallothionein promoter region (Figure 4.1), it was decided to 
manipulate the marker plasmid as for the plasmid pHSV-106 (Chapter 3) so 
that the F. hepatie!a DNA from pFHl or pFH4 was carried on pdBPV-
MMTneo(342-12). The objective was to insert the fragment of F. hepatica 
DNA downstream of the metallothionein promoter which, when induced by 
heavy metals such as zinc or cadmium (Mayo, Warren and Palmiter 1982; 
Serfling, Lubbe, Dorsch-Hasler and Schaffner 1985), would stimulate the 
expression of F. hepatica antigen. 
Because of the large number of restriction endonuclease sites 
on the marker plasmid a complex strategy was devised to manipulate the 
two plasmids (Figure 4.14). This involved moving the BamHl segment of 
pdBPV-MMTneo(342-12) to pBR322 and inserting the F. hepatica cDNA 
fragment from FHl into the Bglll site of the adapted pBR322 by a blunt 
end ligation. This would place the F. hepatie!a cDNA downstream of the 
metallothionein promoter. The cassette consisting of the metallothionein 
promoter, the F. hepatie!a cDNA and the SV40 early region splicing and 
processing signals was then to be inserted into the unique Hind 111 site 
of pdBPV-MMTneo(342-12). These manipulations would leave the 69% 
Figure 4. 14 Diagram to i 11 ustrate the steps necessary to introduce 
F/Jepet fee cDNA into the p 1 asmi d pdBPV-MMTneo(342-12). 
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transfonning region of the BPV DNA intact. It was necessary to use 
the plasmid pFHl for the reconstruction because the F. hepatica cDNA 
fragment of pFHl contained only one restriction enyzme site (see 
Appendix 1). 
Experiments aimed at achieving the above construction were not 
completed. pdBPV-MMTneo(342-12) was cut with BamHl to produce two 
bands, one of 6.6 kb and one of 8 kb. These two bands were close 
together on the gel, but it should be possible to choose suitable 
agarose concentrations to separate them so that the larg~r can be 
recovered by electroelution. It was at this stage that a new vector 
became avail_able, pMSG, from Phannacia. This plasmid was constructed 
with a polylinker cloning site which offered a simpler method for the 
manipulation of the Fasciola DNA onto a marker plasmid. Therefore it 
was decided to investigate pMSG as an alternative vector for F. hepatica 
cDNA and experiments with this plasmid are described in the following 
chapter. 
CHAPTER 5 
TRANSFORMATION OF 3T3 MOUSE CELLS WITH THE PLASMID pLBl 
95 
5.1 INTRODUCTION 
In the previous chapter experiments were described in which C127 
mouse cells were successfully co-transfonned with a marker plasmid 
pdBPV-MMTneo(342-12) and either pFHl or pFH4, recombinant plasmids 
containing Pas~iola hepati~a cDNA sequences. The transfonnation 
frequency was high and stable expression of F. hepati~a antigenic 
polypeptides in the mouse cells was achieved. However, when further 
refinements to the system were attempted such as the insertion of 
parasite DNA into the marker plasmid, difficulties were encountered. 
These included the lack of suitable restriction enzyme sites for the 
insertion of parasite DNA, and the uncertainty as to whether expression 
of the parasite DNA from a very large plasmid would be sustained. For 
these reasons the possibility of using a commercially available 
"shuttle" vector known as pMSG (developed by Pharmacia) was considered. 
This vector (Figure 5.1) has a number of advantages in common with 
pdBPV-MMTneo(342-12) which was previously used (Chapter 4). Thus, it 
can be selected for in bacteria with ampicillin and in eukaryotic cells 
with HAT medium plus mycophenolic acid and xanthine. It features a 
1450 bp long tenninal repeat (LTR) sequence of mouse mammary tumour 
virus (MMTV) which is capable of transforming various mouse, human and 
hamster cell lines. The MMTV sequence also contains a dexamethasone-
inducible transcription promoter which permits dexamethasone regulation 
of expression of cDNA inserted downstream of the promoter (Lee, 
Mulligan, Berg and Ringold 1981). A further important feature of the 
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plasmid pMSG was a polylinker cloning region immediately downstream of 
the inducible promoter into which cDNA can readily be inserted. 
Given these features of pMSG it was decided to insert F. 
hepatiaa cDNA into its polylinker site. Following this it would · be 
possible to transfonn a rodent cell line with a single species of 
plasmid and every colony surviving in selective medium should, in 
theory, carry F. hepatiaa cDNA. Thus, stability of the parasite 
cDNA would seem assured, and the potential would exist to enhance its 
expression by induction with dexamethasone. 
This Chapter describes (i) manipulation of pMSG and pFH4 to 
produce a new vector, designated pLBl, and the transformation of a 3T3 
mouse cell line with this vector; (ii) characterisation of the F. 
hepati~ antigenic polypeptides expressed by the mouse cells. Some 
attention was paid to their carbohydrate content since antigens from 
other parasites such as Leishmania tr1opiaa major1 and Sahistosorrrz mansoni 
have been shown to contain a carbohydrate moiety which may be important 
in eliciting a protective immune response in the host (Handman and 
Goding 1985; Dissous, Grzych and Capron 1985). The relationship 
between the parasite antigens produced by mouse cells and those produced 
by intact flukes was also explored. 
5.2 MATERIALS AND METHODS 
Eukar1yotia Cells 
The host cells used for tranformation with pMSG were an 
established line of 3T3 mouse cells derived from whole embryonic tissue 
(Todaro and Green 1963) and supplied by Dr L. Dankwertz, Zoology 
Department, ANU. They were maintained in DMEM supplemented with 
penicillin and streptomycin and with the addition of 5-10% foetal 
bovine serum (Section 2.9). 
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Plasmids 
pMSG 1s a 7635 bp plasmid (Figure 5.1) developed by, and 
obtained from, Pharmacia. 
transform E. aoli HB101. 
Plasmid DNA was supplied in TE and used to 
Glycerol stocks were stored at -70°C. When 
required for transfonnation experiments or vector manipulation plasmid 
DNA was extracted by the triton method and centrifuged over CsCl 
(Section 2.5). 
The construction of the plasmid pLBl, a derivation of pMSG and 
F. hepatiaa cDNA is described below. 
Seleative Medium 
The plasmid pMSG contains a DNA segment called Ecogpt which, 
after transformation of mouse tissue culture cells, pennits the cells 
to synthesise xanthine-guanine phosphoribosyltransferase (E.C.2.4.2.22) 
(XGPRT). Purine nucleotides are synthesised de novo or by salvage 
pathways in mammalian cells (Figure 5.2) (Mulligan and Berg 1981). 
Adenine and hypoxanthine are converted to inosinemonophosphate (IMP), 
the first nucleotide intennediate, by the enzymes adenine phosphoribosyl-
transferase (E.C.2.4.2.7) (APRT) and hypoxanthine phosphoribosyltransferase 
(E.C.2.4.2.8) (HPRT), respectivelye IMP is converted to guaninemono-
phosphate (GMP) via xanthinemonophosphate (XMP). In mammalian cells 
there is no enzyme to convert xanthine to XMP. If the pathway to IMP 
is blocked by aminopterin and from IMP to XMP by mycophenolic acid the 
cells cannot survive. If mammalian cells are transformed with the 
bacterial gene gpt, which is present on the plasmid pMSG, the cells can 
synthesise XGPRT and this pennits the conversion of xanthine to XMP and 
thus the production of GMP. Therefore the medium used to select 3T3 
mouse cells transformed with the plasmid pMSG or the newly constructed 
plasmid pLBl was an adaptation of HAT medium and was made in accordance 
with instructions from Pharmacia. It consisted of DMEM with 5% FCS 
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supplemented with 15 µg/ml hypoxanthine, 10 µg/ml thymidine and 250 
µg/ml xanthine and containing 2 µg/ml aminopterin and 25 µg/ml 
mycophenolic acid. The mycophenolic acid was dissolved in 0.1 M NaOH 
and neutralised with 0.1 M HCl. 
Lethal Con~entPation of My~ophenoli~ A~id 
The optimal lethal concentration of mycophenolic acid depends 
on the particular cell line (Mulligan and Berg 1981). Therefore the 
optimal concentration for 3T3 mouse cells was tested by titration in 
the presence or absence of guanine, so that the toxic effects of 
mycophenolic acid, other than by the blockage of the purine nucleotide 
pathway, could be assessed. 
3T3 cells were dispersed into a 24 well tray at 10,000 cells/ 
well and grown in DMEM/FCS overnight at 37°C in 5% CO2 in air. Next 
day the medium was changed as follows: 
Row 1: DMEM/FCS + 250 µg/ml xanthine 
Row 2 as for Row 1 + mycophenolic acid at 10, 15, 20, 25, 30 and 35 µg /ml 
Row 3 as for Row 2 + 25 µg/well guanine 
The cells were grown for 4 days at 37°C in 5% CO2 1n air. 
TPansfo1'1111Cltion of 3T3 Cells with pMSG and pLB1 
Transformation procedures were as described 1n Section 2. 10 
for co-transformation of eukaryotic cells, but using DNA from one spec i es 
of plasmid only. pMSG DNA was used at 40 µg/large flask of ce ll s (3 x 
106 cells) and pLBl at 25 µg/flask. Forty-eight hours after expos ure 
to plasmid DNA the cells were lifted with trypsin and dispersed i n 
selective medium. The contents of one flask were subdivided among 9 
flasks. 
Constr1U~tion of pLBl 
The strategy for inserting F. hepatiaa cDNA into pMSG to 
produce pLBl is shown in Figure 5.3. 
RestPiation Endonu~lease Digestion of pFH4 
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The restriction endonuclease Fspl cuts double stranded DNA at 
a site which is suitable for blunt-end ligation. The plasmid pFH4 was 
digested with Fspl and three distinct bands were detected when the 
restricted DNA was run on an agarose gel (Figure 5.4). A small 
fragment (260 bp) is also obtained which runs ahead of the blue dye in 
the gel and is not visible on the gel. Its presence is inferred from 
the size of linearised pFH4 and the sum of the sizes of the three 
larger Fspl fragments. The largest of the three visible bands 
contained the F. hepati~a cDNA (estimated by the size of the bands) 
and comparison with the published map of pBR322 and its known Fspl 
restriction sites (Maniatis et al. 1982). When pFH4 was digested 
with Fspl and Pvu2 the second largest band was cut and when electro-
phoresed on an agarose gel there was sufficient separation between the 
two top bands to allow the top band containing F. hepatiaa cDNA to be 
easily electrophoresed from the gel (Figure 5.4). 
RestPiation Endonualease Digestion of pMSG 
The plasmid pMSG -was linearised with the restriction endo-
nuclease Srnal which generates blunt-ends (there is a single Srnal site 
in pMSG, in the polylinker). This was followed by treatment with 
phosphatase to remove the OH- group from the cut ends to prevent self-
ligation (Section 2.6). 
Ligation of pFH4 into pMSG 
The Fspl fragment of pFH4 containing F. hepati~a cDNA was 
ligated into the linearised and dephosphorylated pMSG and the recombinant 
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I 
Sma 1 F!Jepet ice cDNA Sma 1 
P LB 1 
Figure 5.3 Schematic representation of the insertion of 
F/Jepet ice c DNA into the plasmid pMSG 
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Figure 5.4 
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with 
Lanes 1 and 2 were run on separate agarose gels which 
accounts for the slight discrepancy between the bands. 
p 
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plasmid produced was used to transfonn E. ~oli RRl competent cells 
(Section 2.6). Recombinant colonies were picked onto fresh agar plates 
and probed with the nick-translated Pstl fragment of pFH4 (Section 2.8) 
containing F. hepati~a cDNA (Figure 5.5). The DNA from positive 
colonies on these filters was extracted by alkaline lysis and its size 
compared with DNA from the parental plasmid pMSG. All the colonies 
tested appeared to carry the insert (Figure 5.6). The DNA from these 
colonies was then digested with the restriction endonuclease Sall which 
cut the DNA at a site suitably placed so that the orientation of the 
insert could be established. Colonies carrying a plasmid with the F. 
hepatica cONA insert in the same orientation as in the parent plasmid 
(Appendix 1) were selected and stored as glycerol stocks at -70°C. The 
newly constructed plasmid was designated pLBl. 
Fluo~escent Antibody Tests 
3T3 mouse cells transformed with pLBl, designated 3T3/LB1 
cells, were grown on cover slips, subjected to FAB tests and examined 
by fluorescence microscopy (Section 2.12). 
Other populations of these cells were lifted with trypsin and 
suspended in medium, then subjected to FAB tests in the manner described 
previously for examining the cells for fluorescence by FACS (Section 
2.12). These cells were also examined by fluorescence mi croscopy. 
Weste~n Blotting 
The proteins from 3T3/LB1 cells were examined by SOS-PAGE and 
Western blotting (Section 2.15). Culture medium from flasks of 3T3/ LB1 
cells and from flasks in which adult F. hepatica had been incubated 1n 
DMEM/FCS for 3-5 days was concentrated 30 times by dialysis against 30% 
polyethyleneglycol in PBS and examined by SOS-PAGE and Western blotting. 
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Figure 5.5 Nitrocellulose filters of recombinant DNA from E. coli 
transformed with pLBl and probed with a 32P-labelled nick-
translated probe of the Pstl fragment of pFH4. 
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Agarose gel electrophoresis of recombinant plasmid DNA from 
E. coli RRl transfonned with pLBl and digested with the 
restriction enzyme XhoI. 
Lane 1 Molecular weight markers 1n Kb 
Lane 2 - Hi ndlll digest of " DNA 
Lanes 3 and 5-9 - Xhol digest of recombinant pMSG plasmid 
carrying a fragment of F. hepatica cDNA 
Lane 4 - Xhol digest of pMSG 
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Affinity-Pur>ifie!ation of Antigens and Antibodies 
Methods for the affinity-purification of P. hepati<!a antigenic 
material and sheep antibodies to P. hepatie!a were adapted from methods 
described by Beall and Mitchell (1986). Firstly, F. hepati<!a antigenic 
material produced by 3T3/LB1 cells was affinity-purified against F. 
hepati<!a-infected sheep serum (Section 2.13) bound to nitrocellulose. 
Secondly, F. hepati<!a-infected sheep serum was affinity-purified 
against F. hepati<!a antigens produced by the 3T3/LB1 mouse cells 
bound to nitrocellulose. 
In the former, 600 µl undiluted F. hepati<!a-infected sheep 
serum (Section 2.13) was spread onto six strips of nitrocellulose (each 
1 cm x 6 cm), air dried and blocked with 5% non-fat dried milk (Blotto) 
(Johnson et al. 1984) in 10 mM Tris-HCl (pH 8.0), 0.15 mM NaCl, 
0.05% Tween 20 (Blotto/TNT) for 1 hr. Confluent 3T3/LB1 cells from two 
large (75 cm2) flasks, were lifted with trypsin, washed by centrifugation 
in PBS, then sonicated (probe position 2) for 12 sec and centrifuged in 
a microfuge for 10 min. The supernatant was removed, brought to 5 ml 
with the addition of Blotto/TNT, added to the nitrocellulose strips 
soaked in F. hepati<!a-infected sheep serum, sealed in plastic bags 
and incubated at 37°C with gentle rocking for 3 h. The strips were 
washed in TNT three times for 20 min, then in 0.1 M boric acid in 0.5 M 
NaCl ( pH 8. 0) for 30 min fo 11 owed by PBS for 30 min. Bound antigenic 
material was removed by incubation for 2-3 min in 2 ml 0.1 M glycine, 
0.15 M NaCl (pH 2.6), after which the solution was returned to pH 8.0 
by the addition of 2 M Tris-HCl. The eluate was stored at -20°C. For 
affinity-purifying antibodies to F. hepati<!a antigens produced by 
3T3/LB1 cells, cells from two large flasks were lifted with trypsin and 
sonicated as above. The supernatant from the cells was added to an 
equal volume of double-strength gel buffer (Section 2.15), boiled for 2 
min and loaded onto an SOS-PAGE gel which had been constructed with a 
1 
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single slot the width of the gel apparatus. The SOS-PAGE gel was 
transferred to nitrocellulose in preparation for Western blotting. A 
1 cm wide strip was cut vertically from the side of the nitrocellulose 
and examined by Western blotting using sera from sheep infected with 
F. hepati~ (Section 2.13) as first antibody. This blot revealed 
two bands of antigenic material which were used as a guide to the 
position of the bands on the remaining larger sheet of nitrocellulose. 
The latter was blocked with Blotto/TNT for 1 hat room temperature then 
washed in TNT alone for 30 min. Strips 1 cm wide corresponding to the 
positions of the antigenic bands identified as above were cut out and 
incubated with F.hepati~a-infected sheep serum 1/5 in TNT in a 
volume of 2 ml in sealed plastic bags at 37°C for 3 h. Bound antibodies 
were eluted from the strips with 0.1 M glycine, 0.15 M NaCl (pH 2.6) as 
described above and stored at -20°C. 
Staining Gels fop Capbohydraa.te 
SOS-PAGE gels were stained for carbohydrate by the periodic 
acid Schiff (PAS) technique and with Stainsall (Sigma). 
PAS 
The gel was fixed in 25% isopropanol, 10% acetic acid in water 
overnight, soaked in 0.5% periodic acid in water for 2 h, followed by 
0.5% sodium arsenite in 5% acetic acid for 30-60 min. After washing in 
0.1% sodium arsenite in 5% acetic acid 3 times for 20 min, followed by 
acetic acid for 10-20 min, the gel was soaked in Schiff's reagent over-
night and destained with several changes of 0.1% sodium metabisulphite 
in 0.01 M HCl for 1-2 h. 
Stainsall 
SOS-PAGE gels were stained for glycoproteins with Stainsall 
(Sigma) by methods described by Green, Pastewka and Peacock (1973). 
It 
1:_ 
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SOS was removed from the gel by soaking in 25% isopropanol at 50°C for 
15 min. The gels were rinsed several times in deionised water and 
soaked overnight in a freshly prepared staining solution of 10 ml stock 
stain (0.1% Stainsall [1-ethyl-2-[3-(l-ethylnapthol[l,2d]thiazolin-2-
ylidene)-2-methyl-propenyl]naphthol[l,2d]-thiazolium bromide in 
fonnamide), 10 ml fonnamide, 50 ml isopropanol, 1 ml 3M Tris-HCl (pH 
8.8) and deionised water to 200 ml. The gel was then rinsed with 
several changes of deionised water until contrast between bands and 
background was obtained. During the staining and destaining procedures 
light was excluded as Stainsall is damaged by light. 
Binding Sites fo~ CoPti~ostePone on 3T3/LB1 Cells 
Cells from two large (75 cm2) flasks were lifted with trypsin, 
washed with PBS by centrifugation and counted. The cells were divided 
into four tubes, 1.5 x 106 cells in 1 ml DMEM. To each tube was added 
3H-corticosterone (Amersham, specific activity 75-105 Ci/mmol) to a 
final concentration of 1.39 x 10-9 M. To two of the four tubes was 
added cold corticosterone (final concentration, 1.39 x 10-7 M). Two 
additional tubes, each containing 1 ml DMEM, were used as background 
references. 
The tubes were placed on an orbital shaker at 37°C for 90 min, 
then filtered under vacuum onto glass fibre filter papers (GFC Whatman). 
These were placed in scintillation vials containing 5 ml Beckman 
Readisolve EP scintillant and counted for 3H on a Beckman scintillation 
counter. 
Indu~tion of MMTV PraomoteP 
The method for the induction of cells with the corticosteroid 
dexamethasone was adapted from Hall, Jacob, Ringold and Lee (1983). 
3T3/LB1 cells were dispersed in equal numbers into two small flasks. 
'1 
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To the medium in one flask 1 µM dexamethasone (Intervet) was added. 
The flasks were incubated at 37°C for 24 h. The cells were then lifted 
with trypsin and the cell contents examined by Western blotting 
(Section 2.15). 
5.3 RESULTS 
A new vector pLBl was constructed which combined the Fas~iola 
hepati~a cDNA from pFH4 with the 11 shuttl e11 vector pMSG. This plasmid 
was used to transform 3T3 mouse cells and the resultant cell line, 
designated 3T3/LB1, expressed F. hepatioo antigenic po Type pt ides. 
Plasmid Re~onstr>U~tion 
The fragment containing F. hepati~a cDNA inserted into the 
a-lactamase gene of pBR322 was removed from the plasmid pFH4 by 
digestion with Fspl and ligated into the Smal site of the plasmid pMSG. 
Initially this recombinant plasmid was used to transfonn E. ~oti HBlOl 
and large scale plasmid preparations were made from the resultant 
colonies. The presence of F. hepati~a cDNA in the plasmid and its 
orientation with respect to its orientation in pBR322 was confirmed by 
(i) probing the colonies with a nick-translated Pstl fragment of pFH4 
and (ii) digestion of the plasmid with Sall. The Sall site is located 
in a position which pennits orientation to be unequivocally demonstrated 
(Fig. 5.1). 
Optimum Con~enty,ation of My~ophenoli~ A~id 
Because each cell line has differential susceptibility to the 
toxic effects of mycophenolic acid it was necessary to establish the 
optimum concentration for its use with 3T3 cells. After 4 days at 37°C 
in 5% CO2 in air, cells in the absence of mycophenolic acid and cells 
with mycophenolic acid plus guanine were morphologically indistinguishable 
and had grown vigorously. However, cells in the presence of mycophenol i c 
acid alone, from 10-35 µg/ml, were dying. It was impossible to 
' 
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distinguish between the various doses of mycophenolic acid used with 
respect to their relative ability to kill 3T3 mouse cells. Thus it was 
decided to use the mycophenolic acid at the intennediate concentration 
of 25 µg/ml, the concentration used by Mulligan and Berg (1981) with 
3T6 mouse cells. 
TPansfor'!Tlation of 3T3 Mouse Cells with pMSG 
A preliminary experiment showed that the plasmid pMSG was 
capable of transforming 3T3 mouse cells. Forty-seven colonies/µg 
plasmid DNA/3 x 106 cells were obtained. 
TPansfor'!Tlation of 3T3 Mouse Cells with pLBl 
The recombinant plasmid pLBl derived from pMSG by inserting 
into it F. hepati~a cDNA from pFH4, transformed 3T3 mouse cells. Three 
hundred and sixty-three colonies from 50 µg plasmid DNA, about 7 
colonies/µg DNA, were obtained. The approximate frequency of trans-
formation of the MMTV fragment of DNA, arrived at by the calculation by 
Sarver et al. (1982) was: 
363 colonies 10.17 kb pLBl 
X 
50 µg plasmid DNA 1.52 kb MMTV DNA 
= 49 colonies/µg transforming DNA 
Phenotype of TPansfor7med Cells 
The 3T3/LB1 cells grew closely adhered to the surface of the 
tissue culture flasks, in radially expanding circular colonies. The 
cells were fibroblastic in shape and by conventional light microscopy 
were indistinguishable from the parental 3T3 mouse cells. 
The following is a summary of the sizes of proteins observed 
with various techniques. 
1. pFH4 proteins expressed in E.coli and probed in a Western 
blot with Fasciola hepatica-infected sheep serum produced 
proteins of 31, 37 and 45 kilodaltons which were not present ,n 
bacteria carrying pBR322 (Appendix 1.1). 
2. FH4 proteins expressed in mouse Fasciola hepatica cells were 
observed on Western blots probed with infected sheep serum to be 
90 and 14 kilodaltons (Fig. 4.12). 
3. When these FH4 proteins from mouse cells were affinity purified 
against Fasciola hepatica-infected sheep serum a protein of 14 
kilodaltons was observed on a SOS-PAGE gel (Fig. 5.8). 
4. The reverse experiment was conducted and Fasciola hepatica:-
infected sheep serum was affinity purified against FH4 proteins 
expressed by mouse cells. These proteins were used to probe a 
Western blot of ES antigens from adult F. hepatica and bound to 
a protein of 35,000 daltons. 
These results are difficult to explain and would require 
further analyses to establish their true relationship. The difference 
in the size of the F. hepatica proteins produced by E.coli and mouse 
cells may be due to different internal processing by the two hosts. 
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FluoPescent Antibody Tests 
3T3/LB1 cells grown on coverslips and tested with FAB tests 
using sera described in Section 2.13 fluoresced following incubation 
with infected sheep serum but not with nonnal sheep serum. The 
fluorescence of these cells was unifonnly distributed over the cell 
surface. When unfixed 3T3/LB1 cells suspended in medium were tested 
in the same way there was no difference between the fluorescence of 
cells incubated with infected sera and those incubated in nonnal sera. 
The fluorescence in these cells was weak and spottily distributed over 
the surface of the cells. This suggested that the F. hepatica antigenic 
material was confined to the interior of the cells and was not 
expressed on the surface. For this reason it was decided not to test 
the cells using FACS as was done with FH455 cells (Chapter 4), but to 
carry out further analyses by Western blotting. 
WestePn Blotting 
A series of Western blots were carried out to compare the 
antigenic material from 3T3/LB1 cells and FH455 cells (Chapter 4) and 
excretory/secretory (ES) antigens obtained from adult F. hepatica. 
Western blotting detected antigenic polypeptides in extracts of 3T3/LB1 
cells which corresponded in size and number with those extracted from 
FH455 cells (Chapter 4), with prominent bands at 80,000-90,000 daltons 
and 14,000 daltons. The ES antigens from adult worms stained two 
bands with molecular weights of 23,000 and 24,000 daltons when run on 
SOS-PAGE gels and stained with Coomassie blue. When these ES antigens 
were subjected to Western blotting, a prominent smear of antigenic 
material was evident in which five bands of molecular weight between 
35,000 and 45,000 daltons and four high molecular weight bands of 
>93,000 daltons were prominent (Figure 5.7). 
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Western blot of F. hepatica ES antigens probed with 
F. hepatica-infected sheep serum or normal sheep serum 
followed by rabbit-anti-sheep horseradish peroxidase. 
Lanes 1 and 2 - ES antigens probed with infected sheep serum 
Lane.s 3 and 4 - ES antigens probed with normal sheep serum 
Molecular weight markers in kilodaltons. 
-
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Affinit;y-Pur>'ification of Fasciola hepati~ Antigenic Polypepti des 
Antibodies in F. hepatica-infected sheep serum (Section 
2.13) were affinity-purified against antigenic material extracted from 
3T3/LB1 mouse cells. Antibodies which bound to two antigenic bands 
produced by the mouse cells, one of 90,000 daltons and one of 14,000 
daltons, were eluted separately. When these were used to probe a 
Western blot of ES antigens derived from whole adult F. hepati~a, 
each sample of sheep serum bound to a single ES antigen of about 35,000 
daltons. 
Staining fop GZy~opPoteins 
Antigenic material produced by 3T3/LB1 mouse cells which had 
been affinity-purified on nitrocellulose against F. hepati~a-infected 
sheep serum (Section 2.13) was run on SOS-PAGE gels and stained for 
protein (Coomassie blue) and carbohydrate (PAS, Stainsall). Coomassie 
blue staining showed a single band of molecular weight 14,000 daltons 
(Figure 5.8). Staining with PAS and Stainsall was negative. 
ES antigens were also run on SOS-PAGE gels and stained for 
carbohydrate with PAS and Stainsall. PAS showed no bands, but 
Stainsall showed five bands corresponding in molecular weight to those 
bands detected among the ES antigens by Western blotting (Figure 5.9). 
~eµp l;tdinduction of Synthesis of In~Peased Amounts of Fas~iola hepati~a 
Antigeni~ Mater>ial with Dexamethasone 
3T3/LB1 cells were incubated with dexamethasone in an attempt 
to induce the MMTV promoter located upstream of the parasite DNA on 
pLBl. However, there was no apparent difference between the amount of 
antigenic material obtained from cells incubated with dexamethasone and 
those without dexamethasone (Figure 5.10). 
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1 2 3 
SDS-polyacrylamide gel of cell lysate from 3T3/LB1 mouse 
cells affinity-purified against F. hepatica-infected 
sheep serum and stained with Coomassie Blue. 
Lane 1 - Low molecular weight markers shown 1n kilodaltons; 
phosphorylase B 92.5, bovine serum albumin 66.2, 
ovalbumin 45, carbonic anhydrase 31, soybean 
trypsin inhibitor 21.5 
Lanes 2 and 3 - Cell lysate from 3T3/LB1 mouse cells 
affinity-purified against F. hepatica-infected 
sheep serum and stained with Coomassie Blue. 
Arrow indicates antigenic band. 
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Figure 5.9 SDS-polyacrylamide gel of adult F. hepatica ES antigens 
stained with Stainsall for carbohydrate. Arrow indicates 
area of 5 bands corresponding to the molecular weight of 
antigenic material from adult F. hepatica ES antigens 
shown on Western blot in Figure 5.7. 
Figure 5.10 
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Western blot of cell lysate from 3T3/LB1 cells incubated 
with dexamethasone and probed with F. hepati~a-infected 
sheep serum followed by rabbit-anti-sheep horseradish 
peroxidase. 
Lane 1 - 3T3/LB1 cells without dexamethasone 
Lane 2 - 3T3/LB1 cells with dexamethasone. 
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Test fop CoPtiaostePoid Binding Sites in 3TJ/LB1 Cells 
3T3/LB1 cells were examined for the presence of corticosteroid 
binding sites (to which dexamethasone could be expected to bind) by 
measuring the competition between radiolabelled and unlabelled 
corticosterone for these receptor sites. There was no significant 
difference in cpm between the total binding (4747 cpm) and specific 
binding (6107 cpm) which indicated that there was no specific uptake of 
corticosterone by these cells. 
5.4 DISCUSSION 
A new vector, pLBl, constructed by the insertion of F. hepatiaa 
cDNA into the plasmid shuttle vector pMSG, has been used to transfonn 
3T3 mouse cells. Transformants have been isolated which express 
antigenic polypeptides coded for by F. hepati<!a cDNA and these have 
been related to ES antigens derived from adult F. hepatiaa. 
Consty,uat·ion of the VeatoP pLBl 
It is not known whether the expression of antigenic 
polypeptides coded for by F. hepatiaa cDNA in E. aoli (Appendix 1) is 
under the control and regulation of F. hepatiaa DNA sequences or 
the a-lactamase gene for ampicillin resistance in the host plasmid 
pBR322. Therefore, it was decided to cut the plasmid pFH4 with Fspl to 
remove the F. hepatiaa cDNA together with the a-lactamase gene and 
to insert the whole fragment into the plasmid pMSG. This meant creating 
a large plasmid (10.17 kb) which may prove to be unstable in eukaryotic 
cells over time. If it had been possible to insert the F. hepatiaa 
cDNA only into pMSG the new plasmid would have been only 9.1 kb which 
may have been more efficient in transforming ability and more stable in 
expression of F. hepati<!a antigenic polypeptides. However, insufficient 
time (only about 3 months) has elapsed since the new plasmid was 
constructed and inserted into 3T3 mouse cells; the transfonned cells 
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have been cryopreserved and further study is needed before any 
conclusions can be drawn about the stability and expression of pLB1 1n 
this cell line. 
There are other advantages in the use of pLB1 by comparison 
with those used for the previous system of co-transformation of 
eukaryotic cells described in Chapter 4 (pdBPVV-MMTneo(342-12) and 
pFH4). 
Firstly, the parasite DNA whose expression is sought is 
inserted into the marker plasmid that enables the cells to survive 1n 
selective medium. Thus, there would appear to be some assurance that 
the parasite DNA will be retained in the cells. However, stable 
expression of genes coded for by nonselected DNA has been achieved in 
eukaryotic cells (Perucho, Hanahan and Wigler 1980; Mantai and 
Weissmann 1982; Ohno and Taniguchi 1982) and therefore a definitive 
statement as to the value of having F. hepatica cDNA on the marker 
plasmid may yet be premature. 
Secondly, the ability to transfonn eukaryotic cells with a 
single species of plasmid rather than rely on co-transformation means 
that every cell which survives in selective medium carries not only the 
gpt gene, allowing survival in mycophenolic acid, but also the F. hepatica 
cDNA. Thus, all cell colonies arising from the transformation of 3T3 
cells by pLB1 have the capacity to express F. hepatica antigenic 
polypeptides. In the case of co-transformation, only a proportion of 
the surviving cells would be expected to contain both the transfonni ng 
plasmid and the plasmid of interest. 
Thirdly, in pLB1 the F. hepatica cDNA is inserted into the 
plasmid pMSG downstream of the promoter for the MMTV gene; it should 
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therefore be inducible by dexamethasone. Lee et al. (1981) obtained 
dexamethasone regulation of dihydrofolate reductase production in dhfr-CHO 
cells transfonned with plasmids carrying MMTV fragments. Hall et al. 
(1983) found that glucocorticoids stimulated the production of e-
galactosidase when lac Z was fused to the MMTV promoter in Ltk- mouse 
cells. However, not all cell lines are responsive to dexamethasone 
(Hall et al. 1983). Since there was no increase in the expression of 
F. hepatica antigenic polypeptides after incubation with dexamethasone, 
3T3 mouse cells probably fell into the unresponsive category, a 
conclusion supported by the apparent absence of binding sites for 
corticosterone in the cells (Section 5.3). The lack of binding sites 
for corticosterone is an indication that binding sites for dexamethasone 
are also absent (Dr P. Janssens, pers. comm.). Thus, if increased 
synthesis of F. hepatica antigenic polypeptides by induction of the 
MMTV promoter is to be achieved, it would be necessary to use other 
mammalian cell lines containing binding sites for dexamethasone as 
hosts for pLBl. 
It should be noted that a possible disadvantage of the vector 
pLBl compared with pdBPV-MMTneo(342-12) used in Chapter 4 is that pLBl 
may become integrated into the genome of the cells. No reports of the 
use of pMSG have been found in the literature to date. However, it has 
been shown by analyses of Hirt-extracted low MW DNA from 3T6 mouse cells 
transfonned with pSV2, a plasmid from. which pMSG is partially derived, 
that the vector-Ecogpt DNA is most probably integrated into the genome 
rather than maintained as an autonomously replicating species (Mulligan 
and Berg 1981). Thus, pLBl may not be present in the cells in high 
copy numbers (20-100) as is the case with pdBPV-MMTneo(342-12); this 
may restrict the level of expression of F. hepatica antigenic poly-
peptides in the mouse cells. Another problem associated with the 
insertion of the F. hepatica cDNA into the genome is that it may be 
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located in different sites in different transfonned colonies. To 
investigate this possibility it would be necessary to isolate each 
colony so that the F. hepatiaa antigenic polypeptides produced by 
each could be examined separately. In the present study, the cells 
that were grown up and examined were a mixed population derived from 
several transfonnation events within each flask. Time constraints 
prevented dilution cloning of these populations or the isolation of 
colonies when they first appeared with cloning cylinders. 
Triansfor7mation FPeque~y 
The number of colonies derived by transformation of 3T3 cells 
with pLBl (49 colonies/µg DNA) compared favourably with the number 
produced by co-transformation of Cl27 mouse cells with pdBPV-
MMTneo(342-12) and pFHl or pFH4 (39 colonies/µg DNA) (Chapter 4). 
Colonies arose in the 3T3 cells at a frequency of about 1 in every 
10,000 cells (10-4) which is the same as observed with a similar though 
smaller plasmid pSVM in mouse 3T6 fibroblasts (Chapman, Costell, Lee 
and Ringold 1983). The same rate of transformation frequency (10-4) 
was also obtained with pMDSG in Chinese hamster ovary cells deficient 
for the enzyme dihydrofolate reductase (CHOdhfr-). The plasmid pMDSG 
contains similar sequences to · pLB1 including MMTV, SV40 and Eco-gpt 
fragments (Lee et al. 1981). 
Antigenia Polypeptides 
The F. hepatiaa antigenic polypeptides produced by 3T3/LB1 
cells had the same apparent molecular weight as those produced by FH455 
cells (Chapter 4). In both cases, F. hepatiaa cDNA is thought to have 
become integrated into the genome of the host cells. Even if the 
"foreign" DNA was inserted in the genome at different locations in 
different transfonnants, it would be expected that the same antigenic 
1, 
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polypeptides would be produced. The reason for this is that the 
expression of the F. hepati~a cDNA in FH455 cells probably relies 
on sequences in the s-lactamase gene of the plasmid pBR322; these 
sequences are also present on pLBl which was used to transform 3T3 
cells. Sequence data of the F. hepati~a fragment of pFH4 will be 
necessary to clarify the matter. 
The products coded for by F. hepati~a cDNA may be subject 
to post-translational modification in the cells, one of the prime 
reasons for using eukaryotic cells as hosts for the parasite DNA. One 
possible and important post-translational modification may be the 
addition of a carbohydrate moiety to the protein to make a 
glycoprotein. 
GZycopPoteins as PaPasite Immunogens 
Evidence exists which indicates the importance of the carbo-
hydrate moiety of glycoproteins as potential immunogens in a number of 
different parasitic diseases such as malaria, leishmaniasis and schisto-
somiasis. Recent literature has shown that glycoproteins exist on the 
surface of the asexual blood stages of Plasmodium faZ~ipaPWn (Howard 
and Reese 1984). The carbohydrate moiety on the glycoproteins has been 
shown to exert a strong influence on antigenicity (Ramasamy and ~ese 
1985), and to have an important role in the binding of antibodies to 
parasite glycoproteins, in particular to a species of 185,000-200,000 
daltons (Ramasamy and Reese 1986). This glycoprotein (gp 185) is 
capable of inducing significant immunity against P. falcipaPUm challenge 
infection in Saimiri monkeys (Perrin, Merkli, Loche, Chizzolini, Smart 
and Riehle 1984). 
1, 
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Leishmania tropi~a major, a protozoan parasite which resides 
for part of its life cycle in the macrophages of mammals, produces a 
glycolipid molecule which is both an externally oriented membrane 
antigen and is also secreted into the surrounding medium (Handman and 
Goding 1985). It has been shown that the carbohydrate fraction of this 
molecule is involved in parasite recognition of, and attachment to, the 
macrophage, and is a strong candidate for a role as a host-protective 
f+6'."'°'~\I'\ ~ 
immunogen ~itchel 1 - .. _ ~ (1985). This glycol ipid has been used 
as an effective vaccine against L. major in mice. Resistant C3H and 
C57BL/6 mice were completely protected and 90% of susceptible Balb/C 
mice failed to develop lesions (Handman cited by Blackwell, McMahon-
Pratt and Shaw 1986). Interestingly, the isolated carbohydrate moiety 
derived from the glycolipid by removal of the lipid fraction, injected 
into resistant C57BL/6 mice caused exacerbation of the disease (Mitchell 
and Handman 1986). Another glycoprotein, gp63, whose carbohydrate 
moiety contains mannose and which binds the complement protein C3, has 
been found on the surface of a number of Leishmania species and it 
plays a role in entry of the parasite into the cell. It has been 
suggested that gp63 binds to macrophages by both the mannose-fucose 
receptor and the complement C3 receptor before being ingested (Russell 
cited by Blackwell et al. 1986). 
In schistosomiasis most attempts to identify host-parasite 
antigens have been directed towards the schistosomulum which is 
susceptible to host immunity. Surface labelling techniques have 
identified four antigens of MW 40,000, 38,000, 37,000 and 32,000 
daltons (Dissous et al. 1985) of which all are heavily glycosylated. 
Experiments have shown the 38,000 dalton species is host protective in 
rats. A monoclonal antibody IPMSml, which binds to the 38,000 dalton 
antigen has conferred partial passive protection against an infection 
of schistosomula (Grzych, Capron, Basin and Capron 1982). Recent 
' 
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studies (Grzych, Dissous, Capron, Torres, Lambert and Capron 1987) have 
shown the carbohydrate containing epitope of this antigen is shared 
with KLH (purified haemocyanin from Megathuraa c~enulata, a marine 
mollusc). The antigen in KLH is also glycosylated. KLH is currently 
used as a carrier in immunisation with synthetic peptides. This 
epitope is also shared by the uninfected intermediate host of s. m:insoni, 
Biomphalar>i glab~ata (Dissous, Grzych and Capron 1986). The presence 
of many carbohydrate containing molecules among parasites points to the 
possibility of the carbohydrate moieties playing an important role in 
the host parasite relationship. It was therefore significant to find 
that some of the ES antigens of F. hepatica were also glycoproteins. 
Exc~etory and Sec~etory (ES) Antigens 
When used as a vaccine, ES antigens from juvenile F. hepatica 
protect rats against challenge infection (Rajasekariah, Mitchell, 
Chapman and Montague 1979; Howell 1979). Biosynthetic labelling 
studies with juvenile flukes using 35s-methionine have shown three 
principal components among the parasites' ES products (Irving and Howell 
1982). These have MW's of 22,000, 23,000 and 24,000 daltons. In adult 
flukes two of these products are also present but the lowest MW poly-
peptide is apparently absent (Howell and Hughes, unpublished data). In 
the present study unlabelled proteins from the excretions and secretions 
of adult flukes were stained with Coomassie blue after SOS-PAGE. This 
technique is not as sensitive as radiolabelling but nevertheless the 
two bands of 23,000 and 24,000 daltons were detected. However, it was 
found by subjecting the ES proteins to Western blotting that a 
considerable number of antigenic polypeptides were present all of which 
had MW's greater than those bands detected with Coomassie blue. It is 
probable that these polypeptides of high MW are glycoproteins since 
they were stained by Stainsall. F. hepatica-infected sheep sera, 
affinity purified against F. hepatica antigenic polypeptides produced 
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by 3T3/LB1 cells, bound to an ES antigen of about MW 30,000 daltons, the 
the smallest of the ES antigenic glycoproteins produced by adult flukes. 
However, staining of F. hepati~a antigenic polypeptides from 3T3/LB1 
cells with Coomassie blue showed that at least one antigen was a 
protein, but staining with Stainsall failed to show the presence of 
glycoproteins. This may have been due to insufficient material on the 
gel and further work is necessary before the latter results can be 
judged to be conclusive. 
At this stage progress with these antigenic products produced 
by the mouse cells is hampered by the lack of sufficient material to 
assess properly the carbohydrate status of the molecules. Future 
investigations should therefore be directed towards enhancing the 
expression of the F. hepati~a antigens, either by transforming 
other cell lines responsive to agents which will induce the MMTV 
promoter on pLBl, or by scaling up the quantities of cells grown. Quite 
apart from permitting a more detailed biochemical and immunochemical 
analysis of the parasite material produced by these cells, their 
immunoprotective capacity in rats and sheep could also be tested. 
, 
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This project set out to test whether DNA of a helminth parasite 
could be inserted into a eukaryotic cell line and expressed as antigenic 
material detectable by the use of antibodies from naturally infected 
host animals. It was envisaged that this objective, if successfully 
achieved, would not only provide a strategy for obtaining an unlimited 
supply of parasite antigens and other parasite macromolecules, but also 
have the potential to yield information about parasite gene structure 
and regulation. It would thus overcome the difficulties associated with 
culturing parasite cells and tissues in vit~o and the expense and 
technically demanding effort required to maintain parasites throughout 
their life cycles in the laboratory. 
6.1 EXPERIMENTAL RESULTS 
Two plasmids, pFHl and pFH4, from a cDNA library of Fas~iola 
hepati~a, constructed by the insertion of F. hepati~a cDNA into the 
Pstl site of pBR322 (Howell et al. 1984), comprised the test material 
used in this study. These particular plasmids express antigenic polypep-
tides of F. hepati~a in E. ~oii MC1061 and were originally identified 
by screening recombinant colonies in a cDNA library with serum from F. 
hepati~a-infected sheep. Ltk- mouse cells were co-transformed with 
either pFHl or pFH4 together with the plasmid pHSV-106 which contains 
the tk gene from the herpes simplex virus and acts as the selectable 
marker in HAT medium. Antigens coded for by the parasite cDNA were 
expressed. However, the DNA was not apparently incorporated in a stable 
fashion in the Ltk+ mouse cells and expression of parasite proteins 
ceased after 5 weeks. 
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C127 mouse cells were co-transfonned with either pFHl or pFH4 
and pdBPV-MMTneo(342-12), a plasmid which carries the genome of the 
bovine papilloma virus and a gene for neomycin resistance as the 
selectable marker. Again parasite antigens were expressed by these 
cells. The efficiency of transformation was comparable with that 
obtained by others using plasmids containing bovine papilloma virus DNA 
(Law et ai. 1983; Matthias et ai. 1983). Expression of F. hepatica 
antigenic polypeptides in C127 transformed cells persisted for more than 
a year in continuous culture, as well as after cryopreservation. Reference 
has been made to the fact that it may have been desirable to insert the 
fragment of F. hepatica cONA from pFH4 into the plasmid containing the 
bovine papilloma virus DNA. In this way it would have been possible to 
transform, rather than co-transform, the C127 mouse cells and the F. 
hepatica cDNA may have come under the selection pressure imposed on 
the parent plasmid. In addition the F. hepatica cDNA could have been 
inserted 1n such a way that after induction of the mouse metallothionein 
promoter of plasmid pdBPV-MMTneo(342-12) with heavy metals such as 
cadmium or zinc, output of parasite proteins would be enhanced. Further 
work will be necessary to test the feasibility of this approach, which 
is discussed later in this chapter. 
Modification of the plasmid pMSG to include F. hepatica cDNA 
from pFH4 led to the construction of a novel plasmid pLBl. 3T3 mouse 
cells transformed with pLBl expressed antigens coded for by F. hepatica 
cDNA. There was a strong possibility that every clone of transformants 
carried F. hepatica cDNA as well as the transforming MMTV DNA from 
the parental plasmid pMSG. It had been hoped to increase the output of 
parasite antigens by inducing the MMTV promoter, which is present on 
plasmid pLBl, by incubating transformed cells with dexamethasone but 
receptors for this corticosteroid were not detected on the 3T3 mouse 
cells. Thus, other cells, which have receptors for dexamethasone, such 
' 
as Ltk- mouse cells (Hall et al. 1983), would be more appropriate 
hosts for testing induction of the MMTV promoter. 
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The results of experiments to show whether or not F. hepatiaa 
antigens expressed by transfonned cells were glycoproteins were 
equivocal, and further experiments will be necessary. These could 
include the use of more sensitive methods to test for glycoproteins such 
as incubating cells with radiolabelled sugars such as (3H)glucose, (3H) 
galactose or (3H)mannose which become incorporated into glycoproteins. 
Following immunoprecipitation of cell lysates with antibody from 
infected host animals, the presence of incorporated radiolabelled sugars 
could be detected in i111T1unoprecipitated material on SOS-PAGE gels 
followed by autoradiography (Handman, Greenblatt and Goding 1984). 
Alternatively the proteins from cell lysates could be separated on SOS-
PAGE and transferred to nitrocellulose, blotted with concanavalin A 
(Con A) coupled to horseradish peroxidase; binding of Con A could then 
be detected with a chloronaphthol reagent. This method makes use of 
the fact that Con A has an affinity for carbohydrate and more than one 
binding site, and that peroxidase binds to Con A because it contains 
mannose (Rohringer and Holden 1985; Evans, Gilmore and Blobel 1986). 
The experiments described in this thesis have shown that it i s 
possible to transform eukaryotic cells with DNA of a helminth parasite, 
and for the expression of parasite antigens to be sustained over a 
protracted period. While F. hepatiaa antigens have been the test 
material used in this study, the technique may well be applicable to 
many other helminth parasites. Establishing satisfactory protocols to 
achieve sustained expression has been the principal objective of the 
work. To that end, the objective has been achieved. However, many 
additional questions have been raised, especially in relation to the 
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biochemical properties of the expressed parasite products. Further 
directions in which the work may proceed to resolve these and other 
questions are discussed below. 
6.2 FUTURE EXPERIMENTAL DIRECTIONS 
Separaation of Pa"f'asite Antigens 
Having produced a tissue culture cell line which expresses 
Pas~iola hepati~a antigens, it is essential to develop methods for 
separating these parasite antigens from mouse proteins. For analytical 
purposes, this was achieved as outlined in Chapter 5, essentially 
following or adapting procedures described by Beall and Mitchell (1986). 
However, for separating quantities suitable for trial vaccinations or 
for use in immunodiagnosis it would be necessary to pass cell lysates 
over affinity chromatography columns. This is usually done on a column 
of CNBr-activated sepharose to which antibodies are bound. The cell 
lysate is passed down the column and P. hepati~a antigen binding to 
irrmobilised antibodies could be recovered by washing the column with low 
pH buffer (pH 2.5). 
Charaa~te~sation of Pa~asite Antigens and the Lo~ation of F. hepati~a DNA 
Much of the work involved in this project was directed towards 
the derivation of a tissue culture cell line which would sustain the 
expression of parasite antigens. Steps should now be taken to 
characterise further the antigens being produced by the mouse cells. In 
particular, are these proteins glycosylated? Suggestions for determining 
this have been described above. Are the parasite antigens produced as 
hybrid molecules together with host components? What post-translational 
events take place? It would be of interest to isolate translatable mRNA 
from transformed cells and incubate the products with F. hepati~a-
infected sheep serum in order to compare any immunoprecipitated products 
with (i) those obtained from the cell lysates on Western blots described 
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1n Chapters 4 and 5; (ii) the biosynthetically labelled ES antigens of 
F. hepatiaa (Irving and Howell 1982) and (iii) the immunoprecipitated 
in vitrao translation products of F. hepatiaa RNA (Irving and 
Howell 1986). Any difference in molecular weights between the cell 
lysate products and the immunoprecipated mRNA products could be indicative 
of such post-translational changes as glycosylation or cleavage of 
signal peptides, neither of which can be accomplished in vitrao by 
the rabbit reticulocyte lysate cell-free translation system. 
Several questi ans concerni n·g the status of the Fasaiola cDNA 
in transformed cells arise. For example, 1) is the F. hepatiaa DNA 
integrated into the genome of the mouse cell line? 2) Does the plasmid 
containing the Fasaiola cDNA replicate extrachromosomally? and 3) what 
is the copy number of the recombinant DNA molecules in the transformed 
cells? All of these questions could be resolved by DNA blotting 
experiments, in which DNA from transformed cells is cut with a restriction 
enzyme which (a) does not cut the plasmid vector carrying the Fasaiola 
DNA and (b) cuts the vector at a single site. The resulting products 
are fractionated on an agarose gel, transferred to nitrocellulose filters 
and hybridised with a 32P-labelled probe made from the vector carrying 
the F. hepatiaa cDNA. Integrated uncut F. hepatiaa cDNA would mi grate · 
with genomic DNA and uncut extrachromosomal DNA would probably migrate 
as a faster migrating species similar to open circle plasmid DNA. 
Extrachromosomal DNA which has been cut would run as a linearised 
plasmid and integrated DNA which has been cut would appear as two bands 
amongst the genomic DNA (Sarver et al. 1981). The copy number of the 
parasite DNA in the mouse cells could be estimated by the intensity of 
bands compared with a known amount of parasite DNA blotted on the same 
nitrocellulose strip (Wigler, Sweet et al. 1979). 
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A further important factor to investigate is whether expression 
of the Fasciola DNA is dependent on the a-lactamase gene into which 
it was inserted during construction of the cDNA library, or whether it 
has regulatory sequences of fluke origin attached to it. An indication 
of this could be gained frcxn the DNA sequence of the F. hepatica 
fragment, but this is not yet available. However, sequence data would 
not provide an unequivocal indication, as insertion into a mammalian 
cell line may alter the way in which DNA expression is regulated. It is 
however, highly likely that expression of the Fasciola DNA is dependent 
on the a lactamose gene as cDNA would not be expected to contain any 
regulatory sequences. To ascertain more fully the nature of the 
regulatory sequences of the F. hepatica DNA in mouse cells, it may be 
necessary to fractionate the DNA from transformed cells and probe with a 
32p labelled F. hepatica fragment to identify the position of the DNA 
in question, then recover the DNA from a similar gel and sequence these 
bands. A more efficient method of solving this problem would be to use 
in situ hybridisation of a F. hepatica RNA 32P-labelled probe to 
chromosomal spreads of transformed mouse cells which would indicate if 
the F. hepatica cDNA is situated on a chromosome or extrachromosomally 
(Appels, Gerlach, Dennis, Swift and Peacock 1980). If it was established 
in this way that the vector containing the F. hepatica DNA was replicat ing 
extrachromosomally it could be recovered by the extraction of low 
molecular weight DNA (Hirt 1967) and then sequenced. 
If the antigens coded for by F. hepatica cDNA in the mouse 
cells could be produced in sufficient amounts and shown to be host-
protective, it would be useful to have a protein sequence so that 
separate parts of the antigen could be constructed synthetically and 
each part tested for its protective capacity. A precedent for this has 
been the synthesis of polypeptides expressed on the surface of merozoites 
of Plasmodiwn falcipa"l'U11l which were evaluated for their capacity to 
, 
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stimulate the production of antibodies that react with P. f alaipar7W71 
merozoites (Cheung et al. 1986). 
Relationship to Native Antigens 
The antigens coded for by F. hepatiaa cDNA and expressed by 
E. aoli have been related to the ES antigens excreted or secreted by 
adult flukes (Howell, unpublished data described in Appendix 1). The 
antigens coded for by F. hepatiaa cDNA and expressed by mouse cells 
have also been shown to be related to ES antigens of flukes (Chapter 5). 
These results could be confirmed and extended to test whether antigenic 
material from transformed cells is capable of stimulating antibody 
production in, say, mice. The mice should be of the same MHC haplotype 
as the cell line to reduce any antigen competition, and any antibodies 
that were produced could be detected by probing fluke ES antigens on a 
Western blot. 
Design of Veato~s 
This study has described the use of three different vectors for 
the insertion of F. hepatiaa cDNA into mouse cells and the advantages 
and disadvantages of each have been described in Chapters 3, 4 and 5. 
Given the knowledge gained from these experiments and growth of 
publications in the area since the present study was commenced it is 
possible to suggest that an ideal vector would have the following / 
attributes: 
i) It must be able to transform mouse or other rodent cells to either 
a distinct morphology so that they can be distinguished from the 
parental cells, or contain marker DNA. The most convenient method 
of obtaining the . latter is for the vector to carry a gene which 
confers antibiotic resistance on the host cells. The suite of 
plasmids which carries the neo gene, which confers resistance to 
l 
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the antibiotic G418 1n mouse cells, fulfils this criterion 
particularly well. Formerly, plasmids containing bovine papilloma 
virus DNA but not the neo gene were available. Host cells 
transformed by these plasmids were identified by a changed 
morphology in which the transformed cells grew in foci of piled up 
cells. 
ii) An ideal vector should contain a polylinker with a wide range of 
restriction enyzme sites into which F. hepati~a (or other 
parasite) DNA can be easily inserted, possibly in each reading 
frame. The plasmid pMSG, used as the parental plasmid in Chapter 
5, has a polylinker site. However, it was necessary to blunt-end 
ligate the F. hepati~a cDNA into the Smal site. In the present 
instance this was convenient as the F. hepati~a cDNA had been cut 
with Fspl to allow the entire s-lactamase gene to be inserted into 
the cells. However, having cut the DNA with two different enzymes 
before blunt-end ligation it is difficult to recover the insert 
uncontaminated by other sequences. In an ideal vector a wider 
variety of restriction enzyme sites would be beneficial. 
iii) The vector should have an inducible promoter up-stream of the 
polylinker site which when induced would increase expression of 
the parasite DNA. Both pMSG and pdBPV-MMTneo(342-12) have 
inducible promoters, but that in pMSG relies on dexamethasone for 
induction which in turn requires that the transformed cells have a 
receptor site for dexamethasone. It is therefore necessary to 
choose appropriate recipient cells if this desirable feature of 
the plasmid is to be exploited. The promoter in pdBPV-MMTneo(343-12) 
is induced by heavy metals such as cadmium and zinc; when induced 
it has been shown to increase protein production from downstream 
DNA four-fold (Mayo et al. 1982). The difficulty of inserting the 
l 
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F. hepati~a into an appropriate location on the pdBPV-MMTneo(342-12 ) 
plasmid precluded attempts to make use of this feature. 
iv) The vector should be one which replicates extrachromosomally in 
order to increase its copy number and to eliminate the chance of 
being incorrectly inserted into the genome of recipient cells. Of 
the three vectors used in this study, two, pHSV-106 and pMSG, 
became integrated into the genome and the other pdBPV-MMTneo(342-12) 
replicated extrachromosomally. 
Taking these four points into consideration the plasmid pdBPV-
MMTneo(342-12) had the most desirable features and these could be 
enhanced if a polylinker cloning site was inserted downstream of 
the metallothionein promoter to accommodate foreign DNA. 
6.3 TRANSFORMATION TECHNIQUE 
When the experiments presented in this thesis were commenced 
the co-transfonnation technique had been used successfully with only a 
limited number of genes. Since that time there has been an explosion 1n 
the number of experiments reported using the technique, and this in 
itself has been a vindication for testing its usefulness as a method to 
obtain helminth parasite antigens. Although a number of different 
methods of transforming eukaryotic cells have now been developed, the 
majority of experimenters continue to use the calcium phosphate method 
of Wigler et al. (1978), as described in this project. 
The method has the distinct advantage of simplicity and has 
been shown to be entirely adequate for the production of sufficient 
transfonnants for one individual to screen for the expression of 
antigenic material. In the light of experience, it is possible to 
suggest modifications to the technique in order to increase the number 
' 
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of transfonned cells subjected to primary screening. For example, cel l s 
could be plated in petri dishes instead of tissue culture flasks and 
cloning cylinders used to rescue each clone of transfonned cells as it 
is detected. The disadvantage, of course, is that using such a method 
may lead to the production of a very large number of cell lines which 
would be beyond the scope of most laboratory groups to handle. 
In the present study, clones of transformed cells were allowed 
to become confluent in each flask and the total flask of cells was 
analysed for the production of parasite antigens. This procedure has the 
shortcoming that one clone of cells expressing parasite antigens may 
have become overgrown by another non-expressing clone and therefore 
overlooked. Thus, co-transfonnation is not efficient using such a 
screening procedure and the importance of having the parasite DNA on the 
transfonning plasmid is emphasised in such circumstances. For scaling-
up experiments for commercial production of parasite antigens, it may be 
more economical to use techniques such as electroporation or laser 
assisted transfonnation, which were described in Chapter 1, to increase 
the efficiency of transformation and the isolation of desirable cell 
lines. 
6.4 FURTHER USES OF CELL TRANSFORMATXON 
The future use of cell transformation techniques in relation to 
parasitology can be considered under two main headings: 
i) with respect to the particular F. hepati~a antigens which have 
been identified in the experiments described in this thesis; 
ii) as applied generally to parasitology. 
With regard to the fonner, antigens produced by these methods 
may help to bring about a more thorough understanding of the irnrnuno-
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logical response of sheep to F. hepatiaa. It is well known that 
although sheep produce antibody to F. hepatiaa they do not develop 
resistance to the parasite. By using antigens produced by cell lines, 
the details of individual responses to them may be elucidated more 
effectively. The technique has the potential to permit post-translational 
modification of the antigens by a mammalian cell, and to produce 
individual species of F. hepatiaa antigens in isolation from others 
whose presence may confuse the picture when vaccination is tried with 
crude combinations of fluke products. The fluke antigens expressed by 
the mouse cells have been identified as being related to an ES antigen 
from adult fluke. It is of note that the ES antigens of juvenile flukes 
protect rats against infection with F. hepatiaa (Rajasekariah et ai. 
1979) but not adults. Thus, antigens coded for by pFHl or pFH4 and 
expressed in mouse cells may not be host protective. However, it may be 
that if these monospecific antigens are injected into sheep they could 
induce responses which provide some indication of why sheep are not able 
to mount any effective resistance to the parasite. 
Further experiments with F. hepatiaa antigens expressed in 
mouse cells should be preceded by screening more cDNA libraries with 
antisera from different sources such as cattle or rats. Transformation 
of mouse cells with cDNA coding for antigens recognised by serum from 
these hosts may lead to the identification of antigens capable of 
stimulating resistance. In this context it should be noted that both 
rats (Rajasekariah et ai. 1978; Howell 1979) and cattle (Hughes 1984) 
develop resistance to infection with F. hepatiaa although in cattle 
there is some debate as to the mechanisms involved. In rats, passive 
transfer of serum from infected rats protects naive animals (Hayes, 
Bailer and Mitrovic 1974) so there is justification for using sera to 
identify antigens in cDNA libraries with host protective potential. 
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Cell transfonnation techniques offer scope for carrying out a 
number of investigations relevant to the wider aspects of parasitology. 
1. Cell lines expressing parasite macromolecules could be used to 
produce increased amounts of parasite proteins which are nonnally 
only produced in very small quantities. An application of this 
type has been followed with respect to the protein, erythropoietin; 
the characterisation of this protein, which had otherwise been 
hampered by insufficient material, has been achieved (Powell et al. 
1986). Characterisation of rare macromolecules (especially 
proteins) may therefore be possible where only small amounts of 
material are available. However, isolation of appropriate DNA from 
parasite 
problem. 
likewise. 
cDNA libraries for use in transformation may pose a 
If the protein is rare, the mRNA in the parasite would be 
Thus, its corresponding cDNA would be rare and moreover 
suitable antiserum for screening an expression library would almost 
certainly be difficult to obtain. 
2. Processing of expressed parasite molecules from the point of mRNA 
translation inside the cell to secretion could be further analysed 
by biosynthetic labelling of transfonned cells combined with 
irmtunoprecipitation of cell lysate and culture supernatants with 
monoclonal or polyclonal antibodies. 
3. Regulation of parasite gene expression may be more readily examined 
in mammalian cells, particularly if large flanking areas of DNA 
are inserted with the parasite gene into the genome of the cell. 
The eukaryotic cells may allow the parasite DNA to be regulated in 
a more appropriate way than when inserted into a bacterial cell. 
' 
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4. In vivo experiments with transformed cells are also possible. 
Transformed cells could be injected into mice to raise monoclonal 
antibodies to particular parasite antigens in an analogous manner 
to the production of antibodies to T-cell leukaemia protein of the 
virus HTLV-1 (Eiden, Newman, Fisher, Mann, Howley and Reitz 1985). 
5. Transformed cells could be tested in histocompatible hosts as live 
vaccines. An added dimension would arise if the cells could be 
induced to express parasite antigens by external stimuli by 
exploiting, say, the metallothionein promoter which is inducible 
with zinc or cadmium; in this way antigen exposure would be 
programmed in the host. Thus a host would be exposed to the 
parasite antigen for a short period of time and could be expected 
to mount an inmune response. An analogy could be drawn here with 
transformed mouse fibroblasts carrying the gene for human growth 
hormone which continued to synthesise the hormone for 2-3 weeks 
following implantation into mice (Selden, Skoskiewica, Howie, 
Russel and Goodman 1987). However, many transformed cell lines 
are tumorigenic and may not be suitable to use in this way. 
Alternatively primary cells could be transformed with a vector 
carrying inducible parasite DNA together with a suitable marker 
such as the nee gene which confers G418 resistance in eukaryotic 
cells. Such cells, perhaps host-derived, could be used as the 
live vaccine. The logical extension to this procedure would be to 
produce transgenic animals carrying parasite genes which could be 
induced at the most appropriate times in the animals' development 
to initiate antigenic stimulation and resistance. 
6.5 CONCLUSIONS 
Experiments presented in this thesis have shown that trans-
formation and co-transformation of mammalian cell lines with helminth 
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parasite DNA, using the calcium phosphate assisted method, has proved t o 
be a simple and relatively inexpensive method of producing cell lines 
which are a stable source of parasite proteins. As discussed in this 
chapter there are many experiments that could be attempted 1n order to 
improve the system. Nevertheless, the groundwork has been carried out 
and the way 1s open for using this very powerful tool for the further 
elucidation of host-parasite relationships and the study of parasite 
biology. 
.... 
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APPENDIX 1 
PLASMIDS CONTAINING FASCIOLA HEPATICA cDNA 
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As discussed in Chapter 1, despite considerable effort, it has 
not yet been possible to culture parasite cells and tissues for protracted 
periods in vitrao in order to harvest antigenic products in unlimited 
amounts. Thus, alternative methods for achieving this objective have 
been examined. A major step forward has been made by the production of 
cDNA libraries of parasites in bacteria (McIntyre et al. 1986). The 
present study made use of cDNA clones of Fas~iola hepati~a (Howell et 
al. 1984) which had been constructed as follows: total RNA was isolated 
from adult F. hepatica and translated into a number of polypeptides in 
vitPo of which a number could be irrmunoprecipitated with serum from 
infected rats and sheep. The poly-A+ fraction of the total RNA was 
converted into double stranded cDNA and inserted into the Pstl site of 
the plasmid pBR322 by G-C tailing. Following transfonnation of 
E.coli MC1061, recombinant bacterial colonies were screened for 
antigen expression with F. hepatica-infected sheep serum and a rabbit 
antiserum to F. hepatica antigens. Several clones were identified and 
two in particular were further characterised. Plasmid DNA was isolated 
from them (designated pFHl and pFH4), linearised with the restriction 
enzyme Hind 111 and found to be 1.5 and 1.2 kb larger respectively than 
pBR322 (Irving 1983). 
Experiments have shown that the proteins produced by pFH4 could 
not be distinguished from those of pBR322 expressed in E. coli MC1061 
on SOS-PAGE gels stained with Coomassie blue. However, when these were 
transferred to nitrocellulose and examined by Western blotting using 
F. hepatica-infected sheep serum, a complex pattern of bands was 
I 
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detected, several of which were distinct from those derived from the 
parent plasmid pBR322 (Appendix Fig. 1.1). The pFH4 proteins were used 
to affinity-purify antibodies of ES antigens of F. hepati~a-infected 
sheep serum. When these antibodies were eluted and used to immuno-
precipitate 14c biosynthetically labelled ES antigens of F. hepatica 
the 23,000 and 24,000 dalton ES antigens were detected in an autoradio-
graph SOS-PAGE gel (Howell, unpublished data) (Appendix Fig. 1.2). 
The difficulties in obtaining expression of eukaryotic genes 1n 
bacteria, and in particular using the plasmid pBR322, have been discussed 
in Chapter 1, together with the reasons for attempting transformation of 
mammalian tissue cell lines with helminth parasite genes as an alternative 
procedure. The plasmids pFHl and pFH4 described above provided the 
material used in experiments in this thesis to test the latter 
possibility. Before these experiments were carried out, it was deemed 
important to characterise the plasmids further, in particular to derive 
a restriction map of the F. hepatica DNA inserts, and the 
experiments in this Appendix were directed towards this end. Such basic 
information would be necessary at later stages when modification of 
existing and re-construction of new plasmid vectors was planned. 
Plasmids 
pFHl and pFH4 were maintained in glycerol stocks of E. coli 
MC1061 at -70°C. Plasmid DNA was extracted by the triton method 
(Section 2.4). 
Restr'iction Endonu~lease Mapping 
pFHl and pFH4 were digested with a variety of restrict i on endo-
nucleases including BamHl, EcoRl, Hindlll, Pstl and Sall and the digests 
were examined by gel electrophoresis (Section 2.6). Band migration on 
the gels was plotted on semi-log graph paper against a standard curve 
from marker fragments of DNA of known Kilobase (Kb) size (Section 2.7 ) . 
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Appendix Figure 1.1 Western blot of lysate of E. coli MC1061 carrying 
plasmids pFH4 or pBR322. Nitrocellulose was probed 
with F. hepatica-infected sheep serum followed 
by incubation with rabbit-anti-sheep horseradish 
peroxidase. 
Lane 1 - E.coli MC1061 plus pFH4 
Lane 2 - E.coli MC1061 plus pBR322 
Arrows indicate proteins present in pFH4 but absent 
in the parental pBR322. 
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Appendix Figure 1.2 Autoradiograph of SOS-PAGE gel (10%) following 
electrophoresis of samples of radioactively 
labelled ES antigens (Lane 1) and ES antigens 
immunoprecipitated by affinity purified antibodies 
to F.hepatica expressed products in E. coli 
(Lane 2). 
Molecular weights in kilodaltons. 
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By subjecting the plasmids pFHl and pFH4 to restriction endo-
nuclease digestion, first with Pstl and then with a variety of enzymes, 
the F. hepatica cDNA fragments were characterised with respect to their 
approximate size in Kb and their internal restriction sites. 
Plasmids pFHl and pFH4 were each digested with the restriction 
endonuclease Pstl. In each case the fragment of F. hepatica DNA which 
had been inserted into the Pstl site of pBR322 was removed from the 
recombinant plasmid. The fragment sizes were 1.7 Kb for pFHl and 1.5 
Kb for pFH4 (Appendix Fig. 1.3). 
A number of internal restriction enzyme sites were detected in 
the pFH4 insert but only a single internal EcoRl site was found in the 
insert of pFHl (Appendix Fig. 1.4). Appendix Table 1.1 shows the list 
of internal sites found in each. A restriction map of each insert was 
constructed, using band sizes obtained by restriction endonuclease 
digests and electrophoresis together with the published restriction map 
of pBR322 (Appendix Fig. 1.5). 
It was of interest that the insert of pFHl, the larger of the 
two F. hepatica cDNA fragments, had only a single internal restriction 
enzyme site for EcoRl. This was of considerable significance when 
planning the construction of a vector to include both the F. hepatica 
cDNA and marker DNA on the same plasmid (Chapter 3). It indicated the 
necessity to use pFHl rather than pFH4 for this manipulation because 
pFHl had no restriction enzyme sites except EcoRI. It was planned to 
cut the F. hepatica cDNA out of pUC19 with Sal I and SphI and to 
insert this fragment into a SalI-SphI digest of pHSV-106. This would not 
have been possible for pFH4 in which the F. hepatica insert has an 
internal Sal I site. The paucity of internal restriction enzyme sites 
also made pFHl the most suitable of the two plasmids to use when 
1 2 3 
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Appendix Figure 1.3 Agarose gel electrophoresis of F. hepati~a cDNA 
removed from the recombinant pBR322 by digestion 
with Pstl. 
Lane 1 - Pstl digest of pBR322 
Lane 2 - Pstl digest of pFHl 
Lane 3 - Pstl digest of pFH4. 
Molecular weights in Kb. 
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Appendix Figure 1.4 Agarose gel electrophoresis of pFHl and pFH4 digested 
with a variety of different restriction endonucleases. 
Lane 1 - pBR322 undigested Lane 8 - pBR322 undigested 
Lane 2 - BamHl digest of pFH4 Lane 9 - BamHl digest of pFHl 
Lane 3 - EcoRl digest of pFH4 Lane 10 - EcoRl digest of pFHl 
Lane 4 - Hindlll digest of pFH4 Lane 11 - Hindlll digest of pFHl 
Lane 5 - Pstl digest of pFH4 Lane 12 - Pstl digest of pFhl 
Lane 6 - Haelll digest of pFH4 Lane 13 - Haelll digest of pFhl 
Lane 7 - Sall digest of pFH4 Lane 14 - Sall digest of pFHl 
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Appendix Table 1.1 Showing which of a variety of restriction enzymes 
had recognition sites in the F. hepati~a fragments of pFH4 . 
and pFHl, and the number of fragments obtained when the plasmid 
DNA was digested with those enzymes. 
Clone 
pFH4 
pFHl 
Restriction 
Enzyme 
BamHl 
EcoRI 
Hind I I I 
Pst I 
Sa 1 I 
Sph I 
Barn Hl 
EcoRI 
Hind I I I 
Pst I 
Sa 1 I 
Sph I 
No. of Fragments 
3 
3 
1 
2 
2 
1 
1 
2 
1 
2 
1 
1 
I nterna 1 
Restriction 
Enzyme Sites 
1 
2 
1 
1 
Pst1 
I 
Obp FH4 
Pst1 EcoR1 
Obp FH1 
EcoR1 
Sal1 BamHl I 
I I 
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Pst1 
I 
1 SOObp 
Pst1 
1700bp 
Figure App en di x 1.5 Restriction endonucl eese meps of the DNA fragments 
FH4 end FH 1 
reconstruction of the plasmid pdBPV-MMTneo(342-12) to include the 
F. hepatica cDNA fragment was planned. 
166 
Having estalished these preliminary data for the plasmids pFHl 
and pFH4, experiments were undertaken to transform a eukaryotic cell 
line with F. hepatica cDNA with a view to producing a stable, easily 
maintained tissue culture cell line which would provide a continuous 
supply of F. hepatica antigens. 
